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PREFACE. 


n^  HE  author  has,  with  the  collaboration  of  Mr. 
F.  E.  Cabot,  chairman  of  the  Electrical  Com- 
mittee of  the  National  Fire  Protection  Association 
and  Mr.  George  T.  Hanchett,  S.B.,  Consulting 
Electrical  and  Mechanical  Engineer,  made  it  his 
aim  in  compiHng  the  following  pages  to  set  forth, 
and  explain,  as  clearly  as  possible,  the  essential  rules 
and  requirements  for  safe  and  economical  exterior 
and  interior  electric  light  and  power  wiring  and  con- 
struction with  an  effort  to  standardize,  as  much  as 
possible,  all  work  of  this  nature,  and  to  respectfully 
suggest  to  the  Electrical  Engineer,  Contractor  and 
^ireinaa4ast«JAaial«4s-T^^  Under- 

writers* Itteoectorl  tKm%fii)iit  the  iS^nt^  States. 


Gushing. 


THE  DYNAMO 

All  Dynamos,  whether  for  central  station  or  iso- 
lated lighting  or  power  work,  should  be  located  in 
a  dry  place  so  situated  that  the  surrounding  at- 
mosphere is  cool.  If  the  surrounding  air  is  warm  it 
reduces  the  safe  carrying  capacity  of  the  machine, 


Proper  installation  of  dynamo  or  motor  on-  filled  wooden  base  frame. 


and  is  likely  to  allow  such  temperatures  to  rise  in  the 
machine  itself  as  to  burn  out  either  armature  or 
field,  or  both.  A  dynamo  should  not  be  installed  in 
any  place  where  any  hazardous  process  is  carried  on, 
nor  in  places  where  they  would  be  exposed  to  in- 
flammable gases  or  flying  combustible  materials,  as 
the  liability  of  occasional  sparks  from  the  commuta- 


tor  or  brushes  might  cause  more  or  less  serious 
explosions. 

Foundations.  Wherever  it  is  possible,  dynamos 
should  be  raised  or  insulated  above  the  surrounding 
floor  on  wooden  base  frames^  which  should  be  kept 
filled  to  prevent  the  absorption  of  moisture,  and  also 
kept  clean  and  dry.  When  it  is  impracticable  to  in- 
sulate a  dynamo  on  account  of  its  great  weight  of 
any  other  reason,  the  Inspection  Department  of  the 
Board  of  Fire  Underwriters  having  jurisdiction 
may,  in  writing,  permit  the  omission  of  the  wooden 
base  frame,  in  which  case  the  frame  should  be  per- 
manently and  effectively  grounded.  Generators 
operating  at  a  potential  of  over  550  volts  should  al- 
ways have  their  base  frames  permanently  grounded. 
When  a  frame  is  grounded  the  insulation  of  the 
entire  system  depends  upon  the  insulation  of  the  dy- 
namo conductors  from  the  frame,  and  if  this  breaks 
down  the  system  is  grounded  and  should  be  put  in 
proper  condition  at  once. 

Grounding  Dynamo  Frames  can  be  effectually 
done  by  firmly  attaching  a  wire  to  the  frame  and 
to  any  main  water  pipe  inside  the  building,  on  the 
street  side  of  the  meter,  if  there  is  one.  The  wire 
should  be  securely  fastened  to  the  pipe  by  screwing 
a  brass  plug  into  the  pipe  and  soldering  the  wire 
to  this  plug  or  by  approved  ground  clamps.  When 
the  dynamo  is  direct  driven  an  excellent  ground  is 
attained  through  the  engine  coupling  and  piping. 

Wherever  high  potential  machines  have  their 
frames  grounded  a  small  board  walk  should  be 
built  around  them  and  raised  above  the  floor  on 


porcelain  or  glass  insulators,  in  order  that  the  dyna- 
mo tender  may  be  protected  from  a  shock  when  ad- 
justing brushes  or  working  about  the  machine. 

Accessibility.  Sufficient  space  should  be  left  on 
all  sides  of  the  dynamo,  and  especially  at  the  com- 
mutator end,  so  that  there  may  be  ample  room  for 
removing  armatures,  commutators,  or  other  parts 
at  any  time. 

Circuit  Breakers  and  Fuses.  Every  constant 
potential  generator  should  be  protected  from  ex- 
cessive current  by  a  safety  fuse,  or  equivalent  de- 
vice of  approved  design,  such  as  a  circuit  breaker. 
The  latter  is  preferable  on  account  of  its  being  more 
accurate  and  convenient  for  resetting.  Such  de- 
vices-siiould  be  placed  on  or  as  near  the  dynamo 
as  possible.  When  the  needs  of  the  service  make 
these  devices  impracticable,  the  Inspection  Depart- 
ment having  jurisdiction  may,  in  writing,  modify 
the  requirements. 

For  two-wire,  direct-current  generators,  single 
pole  protection  will  be  considered  as  satisfying  the 
above  rule,  provided  the  safety  device  is  located  in 
the  lead  not  connected  to  the  series  winding.  When 
supplying  three-wire  systems,  the  generators  should 
be  so  arranged  that  these  protective  devices  will 
come  in  the  outside  leads. 

For  three-wire,  direct-current  generators,  a  safety 
device  should  be  placed  in  each  armature,  direct- 
current  lead,  or  a  double  pole,  double  trip  circuit 
breaker  in  each  outside  generator  lead  and  corre- 
sponding equalizer  connection. 

In  general,  generators  should  preferably  have  no 
exposed  live  parts  and  the  leads  should  be  well  insu- 
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lated  and  thoroughly  protected  against  mechanical 
injury.  This  protection  of  the  bare  live  parts 
against  accidental  contact  would  apply  also  to  all 
exposed,  uninsulated  conductors  outside  of  the  gen- 
erator and  not  on  the  switchboard  unless  their  po- 
tential is  practically  that  of  the  ground. 

Where  the  needs  of  the  service  make  the  above 
requirements  impracticable,  the  Inspection  Depart- 
ment having  jurisdiction  may,  in  writing,  modify 
them. 

Waterproof  Covers,  though  not  required,  should  be 
provided  for  every  dynamo  and  placed  over  each 
machine  as  soon  as  it  is  shut  down.  Negligence  in 
this  matter  has  caused  many  an  armature  and  field 
coil  to  burn  out,  as  only  a  few  drops  of  water  are 
necessary  to  cause  a  short  circuit,  when  the  ma- 
chine is  started  up  again,  that  might  do  many  dol- 
lars' worth  of  damage,  to  say  nothing  of  the  incon- 
venience of  having  to  shut  off  light  or  power  when 
it  is  most  needed,  and  for  an  indefinite  length  of  time. 

Name  Plates.  Every  dynamo  should  be  provided 
with  a  name  plate,  giving  the  maker's  name,  the 
capacity  in  volts  and  amperes  and  normal  speed  in 
revolutions  per  minute.  This  will  show  exactly 
what  the  machine  was  designed  for,  and  how  it 
should  be  run. 

Terminal  blocks  when  used  on  generators  should 
be  made  of  approved  non-combustible,  non-absorp- 
tive, insulating  material,  such  as  slate,  marble  or 
porcelain. 

Wiring  from  Dynamos  to  switchboards  and  thence 
to  outside  lines  should  be  in  plain  sight  or  readily 
accessible,     and     should     be     supported     entirely 


throughout  upon  non-combustible  insulators  (such 
as  glass  or  porcelain,  in  no  case  should  any  wire 
come  in  contact  with  anything  except  these  insula- 
tors,   and    the    terminals   upon    the   dynamos   and 
switchboard.     When  it  becomes  necessary  to  run 
these  wires  through  a  wall  or  floor,  the  holes  must 
be  protected  by  some  approved  non-combustible  in- 
sulating tube,  such  as  glass  or  porcelain,  and  in 
every  case  the  tube  must  be  so  fastened  that  it  shall 
not  slip  or  pull  out.    Sections  of  any  tubing,  whether 
armored  or  otherwise,  that  are  chopped  off  for  this 
purpose,  should  not  be  used.     All  wires  for  dyna- 
mos and  switchboard  work  should  be  kept  so  far 
apart  that  there  is  no  liability  of  their  coming  in  con- 
tact with  one  another,  nor  of  short  circuit  from 
metallic  tools  used  about  them,  and  should  be  cov- 
ered with  non-inflammable  insulating  material  of  a 
thickness  equivalent  to  that  of  "slow  burning"  wire, 
see   page   65,   and   having  a    smooth,   hard   outer 
surface,  except  that  bus  bars  may  be  made  of  bare 
metal,  so  that  additional  circuits  may  be  readily  at- 
tached.    They  must  have  ample  carrying  capacity, 
so  as  not  to  heat  with  the  maximum  current  likely 
to  flow  through  them  under  natural  conditions.  (See 
"Capacity  of  Wire  Table,"  page  74.)  So  much  trou- 
ble in  past  years  has  arisen  from  faulty  construction 
of  switchboards,   and   the  apparatus   placed   upon 
them,   that   strict   requirements   have   been   neces- 
sarily adopted  by  engineers  as  well  as  insurance 
inspectors,  and  the  following  suggestions  are  recom- 
mended by  the  latter ;  although  it  is  advisable,  when 
possible,  that  all  wires  from  generators  to  switch- 
boards  be   in   plain   sight   and    readily   accessible. 


Wires  from  generator  to  switchboard  may,  how- 
ever, be  placed  in  a  conduit  in  the  brick  or  cement 
pier  on  which  the  generator  stands,  provided  that 
proper  precautions  are  taken  to  protect  them  against 
moisture  and  to  thoroughly  insulate  them  from  :he 
pier.  \i  lead-covered  cable  is  used,  no  fur-'ier 
protection  will  be  required,  but  it  should  no',  be 
allowed  to  rest  upon  sharp  edges  which  in  time 
might  cut  into  the  lead  sheath,  especially  if  the 
cables  were  liable  to  vibration.  A  smooth  runway 
is  desired.  If  iron  conduit  is  provided,  double  braid- 
ed rubber-covered  wire  will  be  satisfactory. 

The  Switchboard  should  be  so  placed  as  to  re- 
duce to  a  minimum  the  danger  of  communicating 
fire  to  adjacent  combustible  material,  and,  like  the 
dynamo,  should  be  erected  in  a  dry  place  and  kept 
free  from  moisture.  It  is  necessary  that  it  should 
be  accessible  from  all  sides  when  the  wiring  is  done 
on  the  back  of  the  board,  but  may  be  placed  against 
a  brick  or  stone  wall  when  all  wiring  is  on  the  face 
of  the  switchboard. 

The  board  should  be  constructed  wholly  of  non- 
combustible  material,  but  when  this  is  impossible 
a  hard  wood  board  made  in  skeleton  form  and  well 
filled,  to  prevent  absorption  or  moisture,  is  consid- 
ered safe.  Every  instrument,  switch  or  apparatus 
of  any  kind  placed  upon  the  switchboard  should 
have  its  own  non-combustible  insulating  base.  This 
is  required  of  every  piece  of  apparatus  connected  in 
any  way  with  any  circuit.  If  it  is  found  impossible 
to  place  the  resistance  box  or  regulator,  which 
should,  in  every  case,  be  made  entirely  of  non-com- 
bustible material,  upon  the  switchboard,  it  must  be 
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placed  at  least  one  foot  from  combustible  material 
or  separated  therefrom  by  a  non-inflammable,  non- 
absorptive  insulating  material.  This  will  require 
the  use  of  a  slab  or  panel  of  non-combustible,  non- 
absorptive  insulating  material  such  as  slate  or  mar- 
ble, somewhat  larger  than  the  rheostat,  which  shall 
be  secured  in  position  independently  of  the  rheostat 
supports.  Bolts  for  supporting  the  rheostat  shall  be 
countersunk  at  least  ^  inch  below  the  surface  at 
the  back  of  the  slab  and  the  holes  over  the  heads  of 
the  bolts  filled.  For  proper  mechanical  strength, 
the  slab  should  be  of  a  thickness  consistent  with  the 
size  and  weight  of  the  rheostat,  and  in  no  case  to  be 
less  than  ^  inch. 

If^esistance  devices  are  installed  in  rooms  where 
dust  or  combustible  flyings  would  be  liable  to  accu- 
mulate on  them,  they  should  be  equipped  with  a 
dust-proof  face  plate.  Where  protective  resistances 
are  necessary  in  connection  with  automatic  rheostats, 
incandescent  lamps  may  be  used,  provided  that  they 
do  not  carry  or  control  the  main  current  nor  con- 
stitute the  regulating  resistance  of  the  device. 

When  so  used,  lamps  should  be  mounted  in  porce- 
lain receptacles  upon  non-combustible  supports,  and 
should  be  so  arranged  that  they  cannot  have  im- 
pressed upon  them  a  voltage  greater  than  that  for 
which  they  are  rated.  They  should  in  all  cases  be 
provided  with  a  name-plate,  which  shall  be  perma- 
nently attached  beside  the  porcelain  receptacle  or 
receptacles  and  stamped  with  the  candle-power  and 
voltage  of  the  lamp  or  lamps  to  be  used  in  each  re- 
ceptacle. 

Wherever  insulated  wire  is  used  for  connection 


between  resistances  and  the  contact  plate  of  a  rheo- 
stat, the  insulation  should  be  ''slow  burning."  For 
large  field  rheostats  and  similar  resistances,  where 
the  contact  plates  are  not  mounted  upon  them,  the 
connecting  wires  may  be  run  together  in  groups  so 
arranged  that  the  maximum  difference  of  potential 
between  any  two  wires  in  a  group  should  not  exceed 
75  volts.  Each  group  of  wires  should  either  be 
mounted  on  non-combustible,  non-absorptive  insu- 
lators giving  at  least  Yi  inch  separation  from  sur- 
face wired  over,  or,  where  it  is  necessary  to  protect 
the  wires  from  mechanical  injury  or  moisture,  be 
run  in  approved  lined  conduit  or  equivalent.  Spe- 
cial attention  is  called  to  the  fact  that  switchboards 
should  not  be  built  down  to  the  floor,  nor  up  to  the 
ceiling,  but  a  space  of  at  least  ten  or  twelve  inches 
should  be  left  between  the  floor  and  the  board,  and 
from  twenty-four  to  thirty-six  inches  between  the 
ceiling  and  the  board,  when  possible,  in  order  to  pre- 
vent fire  from  communicating  from  the  switchboard 
to  the  ceiling,  and  also  to  prevent  the  forming  of  a 
partially  concealed  space  very  liable  to  be  used  for 
storage  of  rubbish  and  oily  waste.  Where  floor  is  of 
brick,  stone  or  concrete,  the  switchboard  may  go  to 
the  floor.  For  the  protection  of  instruments  and 
pilot  lights  on  switchboards,  approved  N.  E.  Code 
Standard  Enclosed  Fuses  are  recommended. 

Lightning  Arresters  should  be  attached  to  each 
side  of  every  overhead  circuit  connected  with  the 
station. 

It  is  recommended  to  all  electric  light  and  power 
companies  that  arresters  be  connected  at  intervals 
over  systems  in  such  numbers  and  so  located  as  to 
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prevent  ordinary  discharges  entering  (over  the 
wires)  buildings  connected  to  the  lines. 

Arresters  for  Stations  and  Sub-stations  should  be 
located  in  readily  accessible  places  away  from  com- 
bustible materials,  and  as  near  as  practicable  to  the 
point  where  the  wires  enter  the  building. 

Station  arresters  are  often  placed  in  plain 
sight  on  the  switchboard.  The  switchboard,  how- 
ever, does  not  necessarily  afford  the  only  location 
meeting  these  requirements.  In  fact,  if  the  arresters 
can  be  located  in  a  safe  and  accessible  place  away 
from  the  board,  this  should  be  done,  for,  in  case  the 
arrester  should  fail  or  be  seriously  damaged  there 
would  then  be  less  chance  of  starting  arcs  on  the 
boar^. 

In  all  cases,  kinks,  coils  and  sharp  bends  in  the 
wires  between  the  arresters  and  the  outdoor  hnes 
should  be  avoided  as  far  as  possible. 

They  should  be  connected  with  a  thoroughly  good 
and  permanent  ground  connection  by  metallic  strips 
or  wires  having  a  conductivity  not  less  than  that  of  a 
No.  6  B.  &  S.  copper  wire,  and  these  should  be  run 
as  nearly  in  a  straight  line  as  possible  from  the  ar- 
resters to  the  earth  connection. 

Ground  wires  for  lightning  arresters  should  not 
be  attached  to  gas-pipes  within  the  buildings. 

It  is  often  desirable  to  introduce  a  choke  coil  in 
circuit  between  the  arresters  and  the  dynamo.  In 
no  case  should  the  ground  wire  from  a  lightning 
arrester  be  put  into  iron  pipes,  as  these  would  tend 
to  impede  the  discharge. 

Unless  a  good  damp  ground  is  used  in  connection 
with  all  lightning  arresters,  they  are  little  belter 
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than  useless.  Ground  connections  should  be  of  the 
most  approved  construction,  and  should  be  made 
where  permanently  damp  earth  can  be  conveniently 
reached.  For  a  bank  of  arresters  such  as  Is  com- 
monly found  in  a  power  house,  the  following  in- 
structions will  be  found  valuable :  First,  dig  a  hole 
six  feet  square  directly  under  the  arresters  until  per- 
manently damp  earth  has  been  reached;  second, 
cover  the  bottom  of  this  hole  with  two  feet  of 
crushed  coke  or  charcoal  (about  pea-size)  ;  third, 
over  this  lay  25  square  feet  of  No.  16  copper  plate ; 
fourth,  solder  at  least  two  ground  wires,  which 
should  not  be  smaller  than  No.  4,  securely  across 
the  entire  surface  of  the  ground  plate;  fifth,  now 
cover  the  ground  plate  with  two  feet  of  crushed 
coke  or  charcoal;  sixth,  fill  in  the  hole  with  earth, 
using  running  water  to  settle. 

A  practical  and  effective  method  of  installing  an 
outside  line  arrester  is  shown  on  page  48. 

All  lightning  arresters  should  be  mounted  on  non- 
combustible  bases,  and  be  so  constructed  as  not  tc 
maintain  an  arc  after  the  discharge  has  passed. 

Testing  of  Insulation  Resistance.  All  circuits  ex- 
cept such  as  are  permanently  grounded,  ^s  described 
on  pages  44  and  45,  should  be  provided  with  reliable 
ground  detectors.  Detectors  which  indicate  continu- 
ously and  give  an  instant  and  permanent  indication 
of  a  ground  are  preferable.  Ground  wires  from 
detectors  should  not  be  attached  to  gas  pipes  within 
the  building.    . 

Where  continuously  Indicating  detectors  are  not 
feasible,  the  circuits  should  be  tested  at  least  once 
per  day  (see  page  63),  and  preferably  oftener. 
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Data  obtained  from  all  tests  should  be  preserved 
for  examination. 

Storage  or  Secondary  Batteries  should  be  installed 
with  as  much  care  as  dynamos,  and  in  wiring  to  and 
from  them  the  same  precautions  and  rules  should  be 
adopted  for  safety  and  the  prevention  of  leaks.  The 
room  in  which  they  are  placed  should  not  only  be 
kept  dry,  but  exceptionally  well  ventilated,  to  carry 
off  all  fumes  which  are  bound  to  arise.  The  insula- 
tors for  the  support  of  the  secondary  batteries 
should  be  glass  or  porcelain,  as  filled  wood  alone 
would  not  be  approved.  The  use  of  any  metal  liable 
to  corrosion  should  be  avoided  in  cell  connections 
of  secondary  batteries. 

Carf  of  Dynamos.  A  few  suggestions  as  to  the 
care  of  the  dynamo,  as  well  as  its  installation,  may 
be  of  value,  and  one  of  the  important  points  under 
that  head  is  that  the  driving  power  should  have 
characteristics  of  steadiness  and  regularity  of  speed, 
and  should  always  be  sufficient  to  drive  the  dynamo 
with  its  full  load,  in  addition  to  the  other  work 
which  it  may  be  called  upon  to  sustain.  Unsatisfac- 
tory results  are  always  obtained  if  attempting  to 
run  a  dynamo  on  an  overloaded  engine. 

Wooden  bed  plates  are  supplied,  when  ordered, 
for  all  dynamos,  except  in  the  largest  and  direct- 
connected  machines. 

Most  machines  are  fitted  with  a  ratchet  and  screw 
bolt,  so  that  they  may  be  moved  backward  or  for- 
ward on  the  bed  plate  In  a  direction  'at  right  angles 
to  the  armature  shaft.  By  this  means  the  driving 
belt  may  be  tightened  or  loosened  at  will  while  the 
machine  is  in  operation.     Care  should  be  taken  in 
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tightening  the  belt  not  to  bind  the  bearings  of  the 
armature  and  force  the  oil  from  between  the  surface 
of  the  shaft  and  boxes.  Such  practice  will  inevitably 
cause  heating  of  the  bearings  and  consequent  injury. 

Machines  are  usually  assembled,  unless  ordered 
otherwise,  so  that  the  armature  revolves  from  left 
to  right  when  the  observer  faces  the  pulley  end  of 
the  shaft.  All  bipolar  dynamos,  however,  may  be 
driven  in  either  direction  by  reversing  the  brushes 
and  changing  field  connections. 

The  machine,  if  belt  driven,  is  provided  with  a 
pulley  of  the  proper  size  to  produce  the  proper 
speed,  and  one  of  different  size  should  not  be  sub- 
stituted unless  approval  be  obtained  from  the 
dynamo  makers. 

When  driving  from  a  countershaft,  or  when  belt- 
ed directly  to  the  main  shaft,  a  loose  pulley  or  belt 
holder  should  be  used,  to  admit  of  starting  and 
stopping  the  dynamo  while  the  shafting  is  running. 

Belts.  A  thin  double  or  heavy  single  belt  should 
be  used,  about  a  half-inch  narrower  than  the  face 
of  the  pulley  on  the  dynamo.  An  endless  belt,  one 
without  lacing,  gives  the  greatest  steadiness  to  the 
lights.  For  proper  length  of  belts  see  formula  on 
page  131. 

All  Bolts  and  nuts  should  be  firmly  screwed  down. 
All  nuts  which  form  part  of  electrical  connections 
should  receive  special  attention. 

When  copper  commutator  brushes  are  used  they 
are  carefully  ground  to  fit  the  commutator,  and  they 
should  be  set  in  the  holders  so  as  to  bear  evenly 
upon  its  surface. 

On  machines  where  two  or  more  brushes  are  sup- 
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ported  on  one  spindle,  the  brushes  on  the  same  side 
of  the  commutator  must  be  set  so  that  they  touch 
the  same  segments  in  the  same  manner.  The 
brushes  on  the  other  side  of  the  commutator  must 
be  set  so  as  to  bear  on  the  segments  diametrically 
opposite.  When  the  brushes  are  not  so  set  it  is  im- 
possible to  run  the  machine  v/ithout  sparking.  A 
convenient  method  of  determining  the  proper  bear- 
ing point  for  the  brushes  is  to  set  the  toe  of  one 
brush  at  the  line  of  insulation,  dividing  two  seg- 
ments to  the  commutator;  then  count  the  dividing 
lines  for  one-half  the  way  around  the  surface,  and 
set  the  other  brush  or  brushes  at  the  line  diametric- 
ally opposite  the  first.  Thus,  on  a  forty-four  seg- 
ment -commutator,  after  setting  the  tip  of  one  brush 
at  a  line  of  insulation,  couri;  around  twenty-three 
lines,  setting  the  other  brush  at  the  twenty-third  line, 
thus  bringing  the  tips  directly  opposite  each  other. 
The  angle  which  the  brushes  form  with  the  surface 
of  the  commutator  should  be  carefully  noted,  and 
the  brushes  should  not  be  allowed  to  wear,  so  as  to 
increase  or  decrease  this  angle.  Careless  handling 
of  the  machine  is  at  once  indicated  by  the  brushes 
being  worn  either  to  a  nearly  square  end  or  to  a 
long  taper,  in  which  the  forward  wires  of  the  brush 
far  outrun  the  back  or  inside  wires.  Either  condi- 
tion cannot  fail  to  be  attended  with  excessive  wear 
of  both  commutator  and  brushes. 

After  copper  brushes  are  set  in  contact  with  the 
commutator,  the  armature  should  never  be  rotated 
backward.  If  it  is  required  to  turn  the  armature 
back,  raise  the  brushes  from  the  commutator  by  the 
thumb  screw  on  the  holder  provided  for  that  pur- 
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pose,  before  allowing  such  rotation.  When  starting 
a  machine,  it  is  always  better  to  let  the  brushes 
down  upon  the  commutator  after  the  machine  has 
started  rather  than  before,  except  when  carbon 
brushes  are  used,  which  are  now  almost  universal. 

Bearings.  See  that  the  bearings  of  the  machine  are 
clean  and  free  from  grit,  and  that  the  oil  reservoirs 
are  filled  with  a  good  quality  of  lubricating  oil. 

The  Oil  Reservoirs  should  always  be  examined 
before  starting,  and  all  loose  grit  removed.  After 
starting  the  machine,  the  oil  should  all  be  drawn  off 
at  the  end  of  each  day's  run  for  the  first  three  or 
four  days,  after  which  it  can  be  assumed  that  any 
remaining  grit  has  been  carried  off  with  the  oil, 
and  it  will  only  be  necessary  to  add  a  little  fresh 
oil  once  in  seven  to  ten  days. 

In  starting  up  a  dynamo  or  motor  fill  the  oil 
reservoirs  and  see  that  the  automatic  oiling  rings 
are  free  to  move.  In  the  case  of  dynamos  fitted 
with  oil  cups,  start  the  oil  running  at  a  moderate 
rate.  Too  little  oil  will  result  in  heating  and  injury 
of  the  bearing ;  but,  on  the  other  hand,  excessive 
lubrication  is  unnecessary,  wasteful,  and  sometimes 
productive  of  harm. 

When  the  dynamo  is  ready  to  be  started,  place 
the  driving  belt  on  the  pulley  on  the  armature  shaft, 
and  then  slip  it  from  the  loose  pulley  or  belt  holder 
on  to  the  driving  pulley  on  the  counter-shaft. 
Tighten  the  belt,  by  means  of  the  ratchet  on  the 
bed  plate,  just  sufficiently  to  keep  it  from  slip- 
ping. Care  should  be  taken  not  to  put  more 
pressure  than  is  necessary  on  bearings;  careless- 
ness in  this  respect  is     often  followed  by    heat- 
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ing  of  the  boxes,  and  possible  permanent  injury. 

The  brushes  may  now  be  let  down  upon  the  com- 
mutator, and  the  magnets  will  be  slowly  energized. 

Move  the  brushes  slowly  backward  or  forward 
by  means  of  the  yoke  handle,  until  there  is  no 
sparking  at  the  lower  brushes.  Clamp  the  yoke  in 
this  position.  If  the  top  brushes  then  spark,  move 
them  slightly,  one  at  a  time,  forward  or  backward  in 
the  brush  holder  until  their  non-sparking  point  is 
found. 

The  spring  pressure  exerted  upon  the  commuta- 
tor brushes  should  be  just  sufficient  to  produce  a 
good  contact  without  causing  cutting.  If  the 
brushes  cut,  the  commutator  must  be  smoothed  by 
the  use  of  fine  sandpaper,  not  emery  cloth. 

The  dynamo  should  run,  without  load,  at  the 
speed  given  by  the  manufacturer,  and  this  speed 
should  be  uniformly  maintained  under  all  condi- 
tions. In  the  case  of  dynamos  for  incandescent 
lighting,  any  increase  of  speed,  above  that  given,  is 
prejudicial  to  the  life  of  the  lamps,  while  a  variation 
below  causes  unsatisfactory  lights. 

Before  starting,  a  D.  C.  dynamo  should  be 
tested  for  polarity.  This  may  be  done  by  holding 
a  small  pocket  compass  near  the  field  or  pole  piece. 
If  the  dynamo  is  connected  to  be  run  in  multiple 
with  another  machine  and  happens  to  be  polarized 
wrong,  it  can  be  given  the  right  polarity  by  Hfting 
the  brushes  from  the  commutator,  closing  the  field 
switch,  and  then  closing  the  double-pole  switch 
used  to  throw  it  in  multiple  with  the  other  machine, 
which  is  supposed  to  be  now  running.  After  the 
current  has  been  allowed  to  pass  through  the  fields 
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for  a  few  moments,  the  double-pole  switch  can  be 
thrown  open,  and  if  a  test  with  the  compass  is 
again  made  the  polarity  will  be  found  to  be  right, 
and  the  dynamo  is  ready  to  be  started  in  the  usual 
manner. 

If  the  dynamo  is  to  be  used  in  series  with  another 
on  the  three-wire  system,  and  is  found  to  be  polar- 
ized wrong,  it  can  be  given  the  right  polarity  by 
making  a  temporary  connection  from  the  positive 
brush  of  the  new  machine  to  the  positive  brush  of 
the  machine  already  in  operation;  and  also  a  tem- 
porary connection  from  negative  brush  to  negative 
brush,  having  first  raised  the  brushes  from  the  com- 
mutator and  closing  the  field  switch.  Keep  this  con- 
nection for  a  few  minutes,  then  open  the  field  switch 
and  break  the  temporary  connections. 

Another  test  with  the  compass  will  show  that  the 
polarity  of  the  machine  is  now  correct,  and  the 
dynamo  is  ready  to  be  started  in  the  usual  manner. 

Assuming  that  the  lamps  and  lines  are  all  ready, 
the  following  precautions  must  be  observed  when 
starting  the  dynamo : 

Be  very  careful  that  the  brushes  are  properly  set 
and  diametrically  opposite  each  other,  as  explained 
before. 

Be  sure  that  all  connections  are  securely  made, 
and  all  nuts  on  the  connection  boards  firmly  set 

In  cases  where  two  or  more  dynamos  are  con- 
nected in  multiple  by  the  use  of  the  equalizing  con- 
nection, care  should  be  taken  that  the  circuit  wires 
from  both  positive  brushes  be  connected  to  the  same 
side  of  the  main  line,  while  those  from  the  negative 
arc  connected  to  the  other  side. 
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A  neat  arrangement  of  the  equalizing  connection 
can  be  made  by  using  triple-pole  switches  on  the 
switchboard,  instead  of  double-pole  switches,  and 
making  the  equalizing  connections  through  the  cen- 
ter pole  of  the  switch,  instead  of  running  a  cable 
direct  from  one  dynamo  to  the  other.  This  method 
is  especially  desirable  where  three  or  more  dynamos 
are  run  in  multiple. 

When  dynamos  are  connected  in  series,  as  in  the 
cases  where  the  three-wire  system  is  in  use,  the 
leading  wire  from  the  positive  brush  of  one  ma- 
chine is  connected  to  the  negative  brush  of  the 
other.  The  other  two  brushes  (negative  and  pos- 
itive) are  connected  to  the  main  wire  on  the  out- 
side of  the  system,  while  the  third  or  center  wire 
is  connected  to  the  conductor  between  the  two 
dynamos. 

Keep  all  commutator  and  brush  holder  insulations 
free  from  dust,  gritty  substances  and  oil.  They 
should  be  carefully  cleaned  once  a  day. 

If  any  of  the  connections  of  the  machine  become 
heated,  examination  will  show  that  the  metal  sur- 
faces are  not  clean  or  not  in  perfect  contact.  Avoid 
the  use  of  water  or  ice  on  the  bearing  in  case  of 
accidental  heating,  as  the  water  may  get  to  the  ar- 
mature and  injure  the  insulation. 

The  Commutator  should  be  kept  clean  and  al- 
lowed to  polish  or  glaze  itself  while  running.  No 
oil  is  necessary  unless  the  brushes  cut,  and  then  only 
at  the  point  of  cutting.  A  cloth  slightly  greasod 
with  vaseline  is  best  for  the  purpose.  Never 
use  sandpaper  on  the  com^mutator  without  first 
lifting    the    brushes.      Otherwise,    the    grit    will 
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stick    to    the    brushes    and    cut    the    commutator. 

Brashes.  Care  should  be  taken  to  keep  copper 
commutator  brushes  in  good  shape,  and  not  to  allow 
them  to  be  worn  out  of  square ;  that  is,  too  much  to 
one  side,  so  that  the  end  is  not  worn  at  right  angles 
to  the  lateral  edges. 

When  the  machine  is  not  running,  the  brushes 
should  always  be  raised  from  the  commutator. 

The  brushes  should  be  kept  carefully  cleaned,  and 
no  oil  or  dirt  allowed  to  accumulate  upon  them. 
This  can  be  done  by  washing  them  occasionally  in 
benzine  or  a  hot  solution  of  soda  ash. 

Manufacturers  usually  furnish  a  gauge,  which 
should  be  used  occasionally  to  test  the  wearing  of 
the  brushes.  If  they  are  found  to  be  worn  either 
too  flatly  or  too  bluntly,  they  should  be  filed  in 
proper  shape,  or,  better  still,  ground  on  a  grmd- 
stone.    Carbon  brushes  require  less  care. 

Spindles  upon  which  the  brush  holders  are  ar- 
ranged to  slide  should  be  cleaned  with  emery  cloth 
often  enough  to  prevent  tarnishing  or  the  collection 
of  dirt,  which  might  cause  heating  by  impairing  the 
electrical  connection. 

Brush  Holders  which  can  be  moved  laterally  on 
the  spindle  by  which  they  are  supported,  should 
be  so  arranged  that  the  top  and  bottom  brushes 
will  bear  on  different  parts  of  the  length  of  the 
commutator,  for  the  purpose  of  distributing  the 
wear  more  uniformly. 

In  case  of  a  hot  box  the  most  natural  thing  to 
do  is  to  shut  the  machine  down,  but  this  should 
never  be  done  until  the  following  alternatives  have 
been  tried  and  have  failed : 


First — Lighten  the  load. 

Second — Slacken  the  belt. 

Third — Loosen  the  caps  on  the  boxes  a  little. 

Fourth — Put  more  oil  in  bearings. 

Fifth — If  all  the  above  fail  to  remedy  the  heat- 
ing, use  a  heavy  lubricant,  such  as  vaseline  or  cyl- 
inder oil.  Should  the  heating  then  diminish,  the 
shaft  must  be  polished  with  crocus  cloth  and  the 
boxes  scraped  at  the  end  of  the  day. 

Sixth — Under  no  conditions  put  ice  upon  the  bear- 
ing, unless  you  are  perfectly  familiar  with  such  a 
procedure. 

Seventh — If  it  is  absolutely  necessary  to  shut 
down,  get  the  belt  off  as  soon  as  possible,  keeping 
the  niachine  revolving  meanwhile  in  order  to  pre- 
vent sticking,  and  at  the  same  time  take  off  the  caps 
of  the  bearings.  Do  not  stop  the  flow  of  oil  to  the 
bearings.  When  the  caps  have  been  taken  off,  stop 
the  machine  and  get  the  linings  out  immediately, 
and  allow  them  to  cool  in  the  air.  Do  not  throw  the 
linings  into  cold  water,  as  it  would  be  apt  to  spring 
them. 

Scraping  should  be  done  only  by  an  experienced 
person,  otherwise  the  linings  may  be  ruined.  Polish 
the  shaft  with  crocus  cloth,  or,  if  badly  cut,  file 
with  a  very  fine  file,  and  afterward  polish  with  cro- 
cus. Wipe  the  shaft,  as  well  as  the  boxes,  very  care- 
fully, as  perhaps  grit  has  been  the  cause  of  the  hot 
box.  Inspect  the  bearings,  see  that  they  are  in  line, 
that  the  shaft  has  not  been  sprung,  and  that  the  oil 
collar  does  not  bear  against  the  box. 

Oily  Waste  should  be  kept  in  approved  metal 
cans    (made  entirely  of  metal,  with  legs   raising 
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them  at  least  three  inches  above  the  floor,  and  with 
self-closing  covers)  and  removed  daily. 

Care  and  Attendance.  A  competent  man  should 
always  be  kept  on  duty  where  generators  are  oper- 
ating. 

MOTORS. 

The  Installation  of  Motors.  All  motors  for  550 
volts  or  less,  should  be  insulated  on  wooden  floors 
or  base  frames,  which  should  be  kept  filled  to  pre- 
vent absorption  of  moisture;  and  kept  clean  and 
dry.  Where  frame  insulation  is  impracticable  the 
Inspection  Department  having  jurisdiction  may,  in 
writing,  permit  its  omission,  in  which  case  the  frame 
should  be  permanently  and  effectively  grounded. 
The  use  of  motors  operating  at  a  potential  in  excess 
of  550  volts  will  only  be  approved  when  every 
practicable  safeguard  has  been  provided.  Plans  for 
such  installations  should  be  submitted  to  the  In- 
spection Department  having  jurisdiction  before  any 
work  is  begun. 

A  high-potential  machine  which,  on  account  of 
great  weight  or  for  other  reasons,  cannot  have  its 
frame  insulated,  should  have  its  frame  permanently 
grounded  and  should  be  surrounded  with  an  insu- 
lated platform.  This  may  be  made  of  wood,  mounted 
on  insulating  supports,  and  so  arranged  that  a  man 
must  stand  upon  it  in  order  to  touch  any  part  of 
the  machine.  Motors  operating  at  a  potential  of 
550  volts  or  less  should  be  wired  with  the  same  pre- 
cautions as  required  for  lighting  wires  carrying  a 
current  of  the  same  volume. 

Motors  operating  at  a  potential  between  550  and 
3,500  volts  should  be  wired  with  approved  multiple 


conductor,  metal  sheathed  cable  in  approved  un- 
lined  metal  conduit  firmly  secured  in  place.  The 
metal  sheath  should  be  permanently  and  effectively 
grounded,  and  the  construction  and  installation  of 
the  conduit  should  conform  to  rules  for  interior 
conduits,  except  that  at  outlets  approved  outlet 
bushings  should  be  used  in  place  of  the  outlet  box. 

The  leads  or  branch  circuits  should  be  designed 
to  carry  a  current  at  least  25  per  cent,  greater  than 
that  required  by  the  rated  capacity  of  the  motor 
to  provide  for  the  inevitable  excess  current  used  by 
the  motor  at  times,  especially  when  starting,  without 
overf using  the  wires.  Where  the  wires  would  be 
overfused,  in  order  to  provide  for  the  starting  cur- 
rent, as  in  the  case  of  many  of  the  alternating  cur- 
rent motors,  the  wires  should  be  of  such  size  as  to 
be  properly  protected  by  these  larger  fuses. 

The  insulation  of  the  several  conductors  for  high 
potential  motors,  where  leaving  the  metal  sheath  at 
outlets,  should  be  thoroughly  protected  from  mois- 
ture and  mechanical  injury.  This  may  be  accom- 
plished by  means  of  a  pot  head  or  some  equivalent 
method.  The  conduit  should  be  substantially  bonded 
to  the  metal  casings  of  all  fittings  and  apparatus 
connected  to  the  inside  high  tension  circuit.  It 
would  be  much  preferable  to  make  the  conduit  sys- 
tem continuous  throughout  by  connecting  the  con- 
duit to  fittings  and  motors  by  means  of  screw 
joints,  and  this  construction  is  strongly  recom- 
mended wherever  practicable. 

High  potential  motors  should  preferably  be  so 
located  that  the  amount  of  inside  wiring  will  be 
reduced  to  a  minimum. 
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Inspection  Department  having  jurisdiction  may 
permit  the  wire  for  high  potential  motors  to  be  in- 
stalled according  to  the  general  rules  for  high 
potential  systems  when  the  outside  wires  directly 
enter  a  motor  room.  Under  these  conditions  there 
would  generally  be  but  a  few  feet  of  wire  inside  the 
building  and  none  outside  the  motor  room. 

The  motor  and  the  rheostat  should  be  protected 
by  a  cutout  or  circuit  breaker,  and  controlled  by  a 
switch  (see  illustrations  on  pages  32  to  37),  said 
switch  plainly  indicating  whether  "on"  or  "off." 
Where  one-fourth  horse-power  or  less  is  used  on 
circuits  where  the  voltage  does  not  exceed  300,  a 
single-pole  switch  will  be  accepted.  The  switch 
and  rheostat  should  be  located  within  sight  of  the 
motor,  except  in  such  cases  where  special  permission 
to  locate  them  elsewhere  is  given,  in  writing,  by  the 
Inspection  Department  having  jurisdiction. 

In  connection  with  motors  the  use  of  circuit- 
breakers,  automatic  rheostats  with  automatic 
under-load  switches  is  recommended,  wherever  it  is 
possible  to  install  them. 

Where  the  circuit-breaking  device  on  the  motor- 
starting  rheostat  disconnects  all  wires  of  the  circuit, 
the  switch  called  for  in  this  section  may  be  omitted. 
Overload-release  devices  on  motor-starting  rheo- 
stats should  not  be  considered  to  take  the  place  of 
the  cut-out  required  by  this  section  if  they  are  in- 
operative during  the  starting  of  the  motor. 

The  switch  is  necessary  for  entirely  disconnecting 
the  motor  when  not  in  use,  and  the  cut-out  to  pro- 
tect the  motor  from  excessive  currents  due  to  acci- 
dents or  careless  handling  when  starting.    An  auto- 
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matic  circuit-breaker  disconnecting  all  wires  of  the 
circuit  may,  however,  serve  as  both  switch  and 
cut-out.  The  use  of  circuit-breakers  with  motors 
is  recommended,  and  may  be  required  by  the  In- 
spection Department  having  jurisdiction. 

To  be  safe,  a  rheostat  should  have  as  great  a 
carrying  capacity  as  the  motor  itself,  or  else  the  arm 
should  have  a  strong  spring-throw  attachment,  so 
arranged  that  it  cannot  remain  at  any  intermediate 
position  unless  purposely  held  there.  See  cut  on 
page  27. 

Starting  rheostats  and  auto  starters,  unless 
equipped  with  tight  casings  enclosing  all  current- 
carrying  parts,  should  be  treated  about  the  same 
as  krjife  switches,  and  in  all  wet,  dusty  or  linty 
places,  should  be  enclosed  in  dust-tight,  fireproof 
cabinets.  If  a  special  motor  room  is  provided,  the 
starting  apparatus  and  safety  devices  should  be 
included  within  it.  Where  there  is  any  liability 
of  short  circuits  across  their  exposed  live  parts  be- 
ing caused  by  accidental  contacts,  they  should  either 
be  enclosed  in  cabinets,  or  else  a  railing  should  be 
erected  around  them  to  keep  unauthorized  persons 
away  from  their  immediate  vicinity. 

Motors  should  not  be  run  in  series-multiple  or 
multiple-series,  except  on  constant-potential  sys- 
tems, and  then  only  by  special  permission  of  the 
Inspection  Department  having  jurisdiction. 

Like  generators,  they  should  be  covered  with 
a  waterproof  cover  when  not  in  use,  and,  if  nec- 
essary, should  be  inclosed  in  an  approved  case. 

When  it  is  necessary  to  locate  a  motor  in  the 
vicinity  of  combustibles  or  in  wet  or  very  dusty 


or  dirty  places,  it  is  generally  advisable  to  enclose 
it  in  a  dust-tight  fireproof  cabinet. 

Such  enclosures  should  be  readily  accessible 
and  sufficiently  ventilated  to  prevent  an  ex- 
cessive rise  of  temperature.  The  sides  should,  pre- 
ferably be  made  largely  of  glass,  so  that  the  motor 
may  be  always  plainly  visible.  This  lessens  the 
chance  of  its  being  neglected,  and  allows  any  de- 
rangement to  be  at  once  noticed. 

The  use  of  the  enclosed  type  of  motor  is  recom- 
mended in  dusty  places,  being  preferable  to  wooden 
boxing. 

Motors,  when  combined  with  ceiling  fans,  should 
be  hung  from  insulated  hooks,  or  else  there  should 
be  an  insulator  interposed  between  the  motor  and 
its  support. 

Every  motor  should  be  provided  with  a  name- 
plate,  giving  the  maker's  name,  the  capacity  in  volts 
and  amperes,  and  the  normal  speed  in  revolutions 
per  minute. 

Starting  and  Stopping  Motors  (Direct  Current) 
One  rule  at  all  times  to  be  remembered  in  starting 
and  stopping  motors  is,  switch  iirst,  rheostat  last, 
which  means,  in  starting,  close  the  switch  first,  and 
then  gradually  cut  out  all  resistance  as  the  motor 
speeds  up,  and  to  stop  the  motor  open  the  switch 
first  and  then  cut  in  all  the  resistance  of  the  rheos- 
tat which  is  in  series  with  the  motor  armature. 
When  starting  any  new  motor  for  the  first  time, 
see  that  the  belt  is  removed  from  the  pulley  and 
the  motor  started  with  no  load.  Never  keep  the 
rheostat  handle  on  any  of  its  coils  longer  than  a 
moment,  as  they  are  not  designed  to  regulate  the 
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speed  of  the  motor,  but  to  prevent  too  large  a  flow 
of  current  into  the  armature  before  the  latter  has 
attained  its  full  speed. 

The  illustration  below  shows  a  rheostat  which 
is  designed  to  automatically  protect  the  armature 
of  a  motor.  The  contact  arm  is  fitted  with  a  spring 
which  constantly  tends  to  throw  the  arm  on  the 
"off-point"  and  open  the  circuit,  but  is  prevented 
from  so  doing,  while  the  motor  is  in  operation,  by 
the  small  electro-magnet,  shown  on  the  face  of  the 


A  Standard   "Rheostat,"    "Resistance    Box"   or    "Starting   Box"    for 
Motor,  slate  front,  with  iron  top,  bottom  and  sides  ventilated. 

rheostat,  which  consists  of  low  resistance  coil  con- 
nected in  series  with  the  field  winding  of  the  motor. 
This  magnet  holds  the  contact  arm  of  the  rheostat 
in  the  position,  allowing  the  maximum  working  cur- 
rent to  flow  through  the  armature  while  it  is  in 
operation. 

If,  for  some  reason  or  other,  the  current  sup- 
plied to  the  motor  be  momentarily  cut  off,  the  speed 
of  the  armature  generates  a  counter  current  which 
also  tends  to  hold  the  arm  in  position  as  long  as 
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there  is  any  motion  to  the  motor  armature,  but  as 
soon  as  the  armature  ceases  to  revolve  all  current 
ceases  to  flow  through  the  electromagnet,  thereby 
releasing  the  rheostat  handle,  which  flies  back  to 
the  "off  point,"  as  shown  in  the  illustration,  and 
the  motor  armature  is  out  of  danger.  Such  a  de- 
vice is  of  great  value  where  inexperienced  men 
have  to  handle  motors,  and  are  unaware  that  the 
first  thing  to  be  done  when  a  motor  stops  for  any 
reason  whatever  is  to  open  the  circuit,  and  then  cut 
in  all  the  resistance  in  the  rheostat  to  prevent  too 
large  an  in-rush  of  current  when  the  motor  is 
started  up  again. 

The  Circuit  Breaker  for  under  and  over  loads  is 
also  a  most  valuable  protection  in  such  cases. 

Motor  Wiring  Formulae — (Direct  Current).  To 
find  the  proper  size  of  wire  for  direct-current  mo- 
tors proceed  as  follows: 

e  =  potential  of  motor. 

d  =  distance  of  generator  to  motor  in  feet. 

V  =  volts  loss  in  lines,    k  =  efliciency  of  motor. 
(See  p.  29.) 

10.8  =  Resistance  in  ohms  of  a  wire  i  ft.  long 
and  .001  inch  diameter.    Then 

horse-power  X  746  X  2d  X  10.8 

circular  mils  = 

eX  vX  k 
horsepower  X  d  X  161 13.6 
or  simplified  cm  =  


e  X  V  X  k 

Compare  the  size  of  wire  thus  found  with  that  al- 
lowed by  the  underwriters  for  full  load  current  of 
motor,  +  25%.  If  it  be  smaller  it  must  be  increased 


to  at  least  that  figure  to  pass  the  authorities  and  the 
resuhing  lower  line  loss  accepted. 

THE  AVERAGE  MOTOR  EFFICIENCY    (k). 

I  h.p 75  per  cent. 

3  h.p 80  per  cent. 

5  h.p 85  per  cent. 

10  h.p.  and  over 90  per  cent. 

For  Most  Cases — (Small  installations).  The  tables 
and  examples  worked  out  on  pages  51-53  and  66-69 
will  give  the  desired  results,  in  many  cases,  without 
having  to  use  the  above  formulae. 

To.  find  current  required  by  a  motor  when  the 
horse;:power,  efficiency  and  voltage  are  known,  use 
the  following  formula: 

Let  C  =  current  to  be  found.  H.  P.  =  horse-power 
E=  voltage  of  motor  of  motor, 

circuit.  K  =  efficiency  of  mo- 

tor in  per  cent. 
H.P.  X  746  X  100 

C  =  

E  X  K 
The  table  of  "amperes  per  motor"  given  on  the 
following  page,  will  prevent  the  trouble  of  working 
out  the  above  formula  in  many  cases. 

By  adding  the  volts  indicated  in  the  following 
table  to  the  voltage  of  the  lamp  or  motor,  the  re- 
sult shows  the  voltage  at  the  dynamo  for  losses  in- 
dicated. Thus,  10  per  cent,  on  no  volt  system  is: 
12.22  volts  added  to  no  equal  122.22,  showing 
that  the  dynamo  must  generate  122.22  volts  for  a 
ID  per  cent.  loss. 
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connections  for 


An  approved  installation  in  every  detail,  and  wiring  connectioi 
shunt-wound,  four-pole  motor,  using  two  enclosed  fuses 
instead  of  circuit  breaker. 


An  approved  installation  in  every  detail  and  wiring  connections  for 

shunt-wound  multipolar  slow  speed  ceiling  motor  for  direct 

connection  to  line  shafting,  using  both  circuit 

breaker  and  double-pole  fuse  cut-out.  _, 


CIRCUIT 


.BREAKER 


r~~ 


An  approved   installation    in    every    detail,    and   wiring   connections, 

for  shunt-wound  bipolar  motor,  using  circuit  breaker 

instead  of  double-pole  fuse  cut-out. 
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CONNECTIONS  FOR  DIRECT  CURRENT  MOTORS 


SERIES  MOTOR 
4-POLE 


SHUNT  MOTOR 
4-POLE 


CONNECTIONS  FOR  DIRECT  CURRENT  DYNAMOS. 


Rheostat 


THREE  WIRE  DISTRIBUTION 


Rheostat 


MULTIPLE  JOiSTRJBUTION-TWO  WIRE 


CONNECTIONS  FOR  DIRECT  CURRENT 
MOTORS  &  DYNAMOS 


COMPOUND  MOTOR 
2- POLE 


COMPOUND  DYNAMO 
2-POLE 


Rjheostat 


COMPOUND  MOTOR 
4-POLE 


COMPOUND  DYNAMO 
<i-POLE 


OUTSIDE    WIRING    AND 
CONSTRUCTION. 

Service  Wires  (those  leading  from  the  outside 
main  wire  to  the  buildings  and  attached  to  same) 
should  be  ''Rubber  Covered,"  as  described  on  page 
64,  under  that  heading. 

Line  Wires,  other  than  service  wire,  should  have 
an  approved  "weatherproof"  covering. 

Bare  Wires  may  be  used  through  uninhabited  and 
isolated  territories  free  from  all  other  wires,  as  in 
such  places  wire  covering  would  be  of  little  use, 
as  it  is  not  relied  on  for  pole  insulation. 


For  Insulated  Wires,  For  Bare  Wire  or  Cable. 

Clark  Insulator  Clamps. 

•  Tie  Wires  should  have  an  insulation  equal  to  that 
of  the  conductors  they  confine,  within  city  limits, 
or  some  permanent  clamp  that  will  not  injure  the 
insulation. 

Space  between  Wires  for  outside  work,  whether 
for  high  or  low  tension,  should  be  at  least  one  foot, 
and  care  should  be  exercised  to  prevent  any  possi- 
bility of  a  cross  connection  by  water.  Wires  should 
never  come  in  contact  with  anything  except  their 
insulators. 

Roof  Structures.  If  it  should  become  necessary 
to  run  wires  over  a  building,  the  wires  should  be 
supported  on  racks  which  will  raise  them  at  least 


seven  feet  above  flat  roofs,  or  at  least  one  foot 
above  the  ridge  of  pitched  roofs,  as  shown  on  page 
43,  and  should  be  strongly  made. 

Guard  Arms.  Whenever  sharp  corners  are 
turned,  each  cross  arm  should  be  provided  with  a 
dead  insulated  guard  arm,  or  guard  iron,  to  pre- 
vent the  wires  from  dropping  down  and  creating 
trouble,  should  their  insulating  support  give  way. 

Petticoat  Insulators  should  be  used  exclusively 
for  all  outside  work,  and  especially  on  cross  arms, 
racks,  roof  structures  and  service  blocks.  Porcelain 
knobs,  cleats  or  rubber  hooks  should  never  be 
used  for  this  heavy  outside  work.  In  fact,  rubber 
hooks^are  not  now  approved  for  any  form  of  electric 
light  or  power  work. 

Splicing  of  two  pieces  of  wire  or  cable  should 
be  so  done  as  to  be  mechanically  and  electrically 


The    Dossert    Solderless    Cable    Connector    approved     for    use    on 
stranded  wires  and  cables  without  the  use  of  solder. 

secure  without  solder.  All  joints  must  be  soldered, 
unless  made  with  some  form  oi  approved  splicing 
device.  This  ruling  applies  to  joints  and  splices  in 
all  classes  of  wiring.  All  joints  whether  soldered  or 
made  with  a  mechanical  splicing  device  should  be 
covered  with  an  insulation  equal  to  that  of  the  con- 
ductors. 

Tree  Wiring.     Whenever  a  line  passes  through 
the  branches  of  trees,  it  should  be  properly  sup- 
ported by  insulators,  as  shown  on  page  41,  to  pre- 
ss 


vent  the  chafing  of  the  wire  insulation  and  ground- 
ing the  circuit. 

The  Dunton  tree  insulators  shown  on  the  opposite 
page  have  proved  themselves  to  be  the  most  practi- 
cal and  permanent  insulators  for  all  kinds  of  tree 
construction,  allowing  the  free  swaying  of  limbs 
without  chafing  the  insulation  of  the  wires. 

Service  Blocks  which  are  attached  to  buildings 
should  have  at  least  two  coats  of  waterproof  paint 
to  prevent  the  absorption  of  moisture. 

Size  of  Wire.  To  find  the  required  size  of  wire 
in  circular  mils  for  any  alternating  system,  to  carry 
any  required  current  any  distance  at  any  voltage  and 
with  any  required  loss  for  alternating  systems,  use 
the  formulae  and  examples  on  pages  127  to  140,  and 
for  direct  currents  the  formulae  on  pages  139  and 
140.  When  possible,  however,  refer  to  tables  No.  i 
or  No.  2  on  pages  51  and  6y,  as  it  will  be  found 
much  simpler  when  within  their  limitations  for 
D.  C.  work. 

Entrance  Wires.  Where  the  service  wires  enter 
a  building  they  should  have  drip  loops  outside  and 
the  holes  through  which  the  conductors  pass 
should  be  bushed  with  non-combustible  non-ab- 
sorptive insulating  tubes,  such  as  glass  or  porce- 
lain, slanting  upward  toward  the  inside..  See  cut 
on  page  59. 

For  low  potential  systems  the  wires  of  one  circuit 
may  be  brought  into  buildings  through  a  single  iron 
conduit.  The  conduit  should  be  curved  downward 
at  its  outer  end  and  carefully  sealed  or  equipped 
with  an  approved  service-head  to  prevent  the  en- 
trance of  moisture.     The  outer  end  should  be  at 
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Pin 


^BflHHl^^^^^Hy  standard 


Dunton  Tree  Insulator  for  Side  of  Limb. 


Construction  Work— Tree  Insulation. 
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least  one  foot  from  any  woodwork  and  the  Inner 
end  should  extend  to  the  service  cut-out. 

Telegraph  and  Telephone  wires  should  never  be 
placed  on  the  same  cross  arm  with  light  or  power 
wires,  especially  when  alternating  currents  are  used, 
as  trouble  will  arise  from  induction,  unless  expen- 
sive special  construction,  such  as  the  transposing  of 
the  lighting  circuits,  be  resorted  to  at  regular  inter- 
vals. Even  under  these  conditions  it  is  bad  practice, 
as  an  accidental  contact  between  the  lighting  or 
power  circuit  might  result  in  starting  a  fire  in  the 
building  to  which  the  telephone  line  is  connected. 
If,  however,  it  is  necessary  to  place  telegraph  and 
telephone  wires  on  the  same  poles  with  lighting  and 
power  wires,  the  distance  between  the  two  inside 
pins  of  each  cross  arm  should  not  be  less  than 
twenty-six  inches  and  the  metallic  sheaths  to  cables 
should  be  thoroughly  and  permanently  connected  to 
-earth. 

Transformers  should  not  be  placed  inside  of  any 
building  excepting  central  stations  or  sub-stations 
and  should  not  be  attached  to  the  outside  walls  of 
buildings,  unless  separated  therefrom  by  substantia] 
supports  as  shown  on  page  49.  In  cases  where  it  is 
impossible  to  exclude  the  transformer  and  primary 
wiring  from  entering  the  building,  the  transformer 
should  be  located  as  near  as  possible  to  the  point 
where  the  primary  wires  enter  the  building,  and 
should  be  placed  in  a  vault  or  room  constructed  of 
or  lined  with  fire-resisting  material,  and  should  con- 
tain nothing  but  the  transformers.  It  is,  of  course, 
the  safest  practice  to  place  all  transformers  on  poles 
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away  from  the  building  that  is  to  be  wired,  as  illus- 
trated on  page  49. 

Where  transformers  are  to  be  connected  to  high- 
voltage  circuits,  it  is  necessary  in  many  cases,  for 
best  protection  to  life  and  property,  that  the  secon- 
dary system  be  permanently  grounded,  and  pro- 
vision should  be  made  for  it  when  the  transformers 
are  installed. 

Grounding  of  Low-Potential  Circuits.  The 
grounding  of  low-potential  circuits  is  only  recom- 
mended when  such  circuits  are  so  arranged  that  un- 
der normal  conditions  of  service  there  will  be  no 
passage  of  current  over  the  ground  wire. 

In  Direct-Current  3-Wire  Systems,  the  neutral 
wire  may  be  grounded,  and  when  grounded  the  fol- 
lowing suggestions  should  be  complied  with : 

1.  They  should  be  grounded  at  the  central  sta- 
tion on  a  metal  plate  buried  in  coke  beneath  per- 
manent moisture  level,  and  also  through  all  avail- 
able underground  water  and  gas-pipe  systems. 

2.  In  underground  systems  the  neutral  wire 
should  also  be  grounded  at  each  distributing  box 
through  the  box. 

3.  In  overhead  systems  the  neutral  wire  should 
be  grounded  every  500  feet. 

In  Alternating-Current  Secondary  Systems.  Trans- 
former secondaries  of  distributing  systems  should 
preferably  be  grounded,  and  when  grounded,  the 
following  suggestions  should  be  complied  with: — 

I.  The  grounding  should  be  made  at  the  neutral 
point  or  wire,  whenever  a  neutral  point  or  wire  is 
accessible. 
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2.  When  no  neutral  point  or  wire  is  accessible 
one  side  of  the  secondary  circuit  may  be  grounded, 
provided  the  maximum  difference  of  potential  be- 
tween the  grounded  point  and  any  other  point  in 
the  circuit  does  not  exceed  250  volts. 

3.  The  ground  connection  should  be  at  the  trans- 
former or  on  the  individual  service  and  when  trans- 
formers feed  systems  with  a  neutral  wire,  the  neu- 
tral wire  should  also  be  grounded  at  least  every  250 
feet  for  overhead  systems,  and  every  500  feet  for 
underground  systems. 

Inspection  Departments  having  jurisdiction  may 
require  grounding  if  they  deem  it^ necessary. 

Ground  Connections.  When  the  ground  connec- 
tion is  inside  of  any  building,  or  the  ground  wire  is 
inside  of,  or  attached  to  any  building  (except  cen- 
tral or  sub-stations)  the  ground  wire  should  be  of 
copper  and  have  an  approved  rubber  insulating  cov- 
ering. 

The  ground  wire  in  direct-current  3-wire  system^ 
should  not  at  central  stations  be  smaller  than  the 
neutral  wire  and  not  smaller  than  No.  4  B.  &  S.  gage 
elsewhere.  The  ground  wire  in  alternating-current 
systems  should  never  be  less  than  No.  4  B.  &  S. 
gage. 

On  three-phase  systems,  the  ground  wire  should 
have  a  carrying  capacity  equal  to  that  of  any  one  of 
the  three  mains. 

The  ground  wire  should,  except  for  central  sta- 
tions and  transformer  sub-stations,  be  kept  outside 
of  buildings  as  far  as  practicable,  but  may  be  di' 
rectly  attached  to  the  building  or  pole  by  cleats  or 
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straps  or  on  porcelain  knobs.  Staples  should  never 
he  used.  The  wire  should  be  carried  in  as  nearly  a 
straight  line  as  practicable,  avoiding  kinks,  coils  and 
sharp  bends,  and  should  be  protected  when  exposed 
to  mechanical  injury. 

This  protection  can  be  secured  by  use  of  an  ap- 
proved moulding,  and  as  a  rule  the  ground  wire  on 
the  outside  of  a  building  should  be  in  moulding  at 
all  places  where  it  is  in  within  seven  feet  from  the 
ground. 

The  ground  connections  for  central  stations., 
transformers,  sub-stations,  and  banks  of  transfor- 
mers should  be  made  through  metal  plates  buried 
in  coke  below  permanent  moisture  level,  and  con- 
nection should  also  be  made  to  all  available  under- 
ground piping  systems  including  the  lead  sheath  of 
underground  cables. 

For  individual  transformers  and  building  ser- 
vices, the  ground  connection  may  be  made  to  water 
piping  systems  running  into  buildings.  This  con- 
nection may  be  made  by  carrying  the  ground  wire 
into  the  cellar  and  connecting  on  the  street  side  of 
meters,  main  cocks,  etc. 

Where  it  is  necessary  to  run  the  ground  wire 
through  any  part  of  a  building  it  should  be  protected 
by  approved  porcelain  bushings  through  walls  or 
partitions  and  should  be  run  in  approved  moulding, 
except  that  in  basements  it  may  be  supported  on 
porcelain. 

In  connecting  a  ground  wire  to  a  piping  system, 
the  wire  should  be  sweat  into  a  lug  attached  to  an 
approved  clamp,  and  the  clamp  firmly  bolted  to  the 
water  pipe  after  all  rust  and  scale  have  been  re- 
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moved;  or  be  soldered  into  a  brass  plug  and  the 
plug  forcibly  screwed  into  a  pipe-fitting,  or,  where 
the  pipes  are  cast  iron,  into  a  hole  tapped  into  the 
pipe  itself.  For  large  stations,  where  connnecting 
to  underground  pipes  with  bell  and  spigot  joints, 
it  is  well  to  connect  to  several  lengths,  as  the  pipe 
joints  may  be  of  rather  high  resistance. 

Where  ground  plates  are  used,  a  No.  i6  Stubbs' 
gage  copper  plate,  about  three  by  six  feet  in  size, 
with  about  two  feet  of  crushed  coke  or  charcoal, 
about  pea  size,  both  under  and  over  it,  would  make 
a  ground  of  sufficient  capacity  for  a  moderate-sized 
station,  and  would  probably  answer  for  the  ordinary 
5ub-'§fation  or  bank  of  transformers.  For  a  large 
central  station,  a  plate  with  considerably  more  area 
might  be  necessary,  depending  upon  the  other  un- 
derground connections  available.  The  ground  wire 
should  be  riveted  to  the  plate  in  a  number  of  places, 
and  soldered  for  its  whole  length.  Perhaps  even 
better  than  a  copper  plate  is  a  cast-iron  plate  with 
projecting  forks,  the  idea  of  the  fork  being  to  dis- 
tribute the  connection  to  the  ground  over  a  fairly 
broad  area,  and  to  give  a  large  surface  contact.  The 
ground  wire  can  probably  best  be  connected  to  such 
a  cast-iron  plate  by  soldering  it  into  brass  plugs 
screwed  into  holes  tapped  in  the  plate.  In  all  cases, 
the  joint  between  the  plate  and  the  ground  wire 
should  be  thoroughly  protected  against  corrosion 
by  painting  it  with  waterproof  paint  or  some  equiva- 
lent. 

Ground  Detectors.  The  cuts  on  page  6^  illustrate 
a  few  practical  methods  of  detecting  grounds  on  al- 
ternating  and   direct-current  circuits   which   have 
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InsUiIIation  of  Lightning  Arrester  on  outside  lines,  showing  method 
of  obtaining  a  good  "ground." 


not  been  purposely  grounded,  as  described  on  pages 
44  and  45. 

In  using  any  one  of  these  methods  for  detecting 
grounds  always  see  that  the  circuit  to  ground  is 
left  open  after  testing  the  outside  circuits.     Some 


ft      ft 

r   ^ 


SILLS  2X3X19 

Construction   Work — Installation    of   Transformers. 

central  station  men  are  in  the  habit  of  leaving  the 
ground  circuit  closed  on  one  side  constantly  in  order 
that  any  ground  that  might  occur  on  the  other  side 
may  be  instantly  noticed.  This,  however,  is  bad 
practice,  as  it  greatly  reduces  the  insulation  of  the 
whole  system.    Test  all  circuits  at  least  once  a  day. 
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It  is  frequently  necessary  to  know  just  what  the  insu- 
lation resistance  of  a  line,  or  the  wiring  in  a  building,  is 
in  ohms. 

Heretofore  such  tests  have  been  made  with  some  form 
of  portable  testing  set  (Wheatstone  Bridge),  or  by  the 
Voltmeter-method;  inconvenient  calculations  being  neces- 
sary in  either  case. 

Now,  however,  there  is  en  the  market  a  new  instru- 
ment, called  the  Evershed  Megger,  by  means  of  which 
conductor  or  insulation  resistance  can  be  measured  as 
quickly  and  as  accurately  as  E.  M.  F.  is  measured  with 
a  Voltmeter.  Also  a  small  hand-dynamo  is  mounted  in 
the  case,  so  that  no  outside  source  of  current  is  required. 


Tests  by  the  "Megger-method"  are  made  as  follows: 
Connect  a  wire  from  one  side  of  the  circuit  to  binding 
post  of  the  Megger  marked  "Line,"  and  with  another  piece 
of  wire  connect  a  water  pip^  to  the  "Earth"  binding  post 
of  the  Megger.  Turn  the  dynamo  handle  at  one  end  of 
the  Megger  case,  and  the  pointer  of  the  instrument  will 
instantly  show  the  correct  resistance — the  scale  being 
graduated  in  ohms. 

As  the  dynamo  voltage  is  usually  lOO  or  250  volts,  there 
is  the  added  advantage  that  tests  by  the  "Megger-method" 
are  practically  made  under  working  conditions. 

Wiring  Table  No.  1.     For  Direct  Current  Work. 
Size  of  Wire,  Feet  per 

B.  &  S.  Gauge.  Volt-Ampere. 

0000    10068.4 

000 7998.7 

00 6SS9.6 
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0  ^. 5025.1 

1  *. 3974.5 

2  3166.5 

3  2495.0 

4 1980.0 

5 1347.0 

6  •. 1248.7 

7  986.7 

8  779.6 

9  018.4 

10  495.0 

11  S94.0 

12  312.3 

13  246.7 

14 194. 


How  to  Use  the  Wiring  Table  No.  l.The  column 
entitled  size  of  wire  B.  &  S.  Gauge  gives  the  vari- 
ous sizes  used  in  wiring.  The  column  entitled  feet 
per  volt-ampere  gives  the  number  of  feet  that  the 
adjacent  size  of  wire  will  transmit  one  ampere  with 
a  loss  of  one  volt ;  this  is  a  constant  quantity  for  each 
size  of  wire. 

The  distance  that  a  wire  will  transmit  a  given  cur- 
rent is  directly  proportional  to  the  volts  lost. 

The  distance  that  a  wire  will  transmit  a  current 
with  a  certain  volt-loss  is  inversely  proportional  to 
the  current. 

If,  therefore,  it  is  desired  to  know  how  far  a 
given  wire  will  transmit  a  given  current  at  a  certain 
given  line  loss,  select  from  the  second  column  oppo- 
site the  size  of  the  wire  constant  in  the  feet-per-volt- 
ampere  column  and  multiply  this  figure  by  the  de- 
sired line  loss  and  divide  by  the  current  to  be  trans- 
mitted. 

If  it  is  desired  to  know  how  much  current  can  be 
transmitted  a  given  distance  with  a  certain  line  loss 
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multiply  this  constant  by  the  line  loss  and  divide  by 
the  distance. 

If  it  is  desired  to  know  what  line  loss  will  occur 
when  transmitting  a  certain  current  through  a  cer- 
tain size  of  wire  multiply  the  distance  and  current 
together  and  divide  by  the  constant  for  the  size  of 
wire  which  it  is  desired  to  use. 

Take  a  Practical  Example.  Let  it  be  asked,  "How 
far  will  a  No.  6  wire  transmit  20  amperes  with  a  line 
loss  of  15  volts?"  The  constant  for  No.  6  wire  is 
1248.7;  multiply  this  by  the  line  loss  of  15  volts  and 
we  have  18730.5,  and  dividing  this  by  the  current, 
20  amperes,  we  have  936.5.  Conversely,  suppose 
we  have  a  distance  of  936.5  feet  and  must  transmit 
over  it  20  amperes,  how  much  line  loss  will  obtain? 
Multiply  this  distance  of  936.5  by  the  current  to  be 
transmitted,  and  we  obtain  18730.,  dividing  this  by 
the  constant  for  No.  6  wire,  1248.7,  we  obtain  14.999 
volts  line  loss,  or  practically  15  volts. 

Similarly :  Suppose  we  have  a  distance  of  936.5 
feet,  and  the  conditions  are  such  that  at  most  it 
must  not  exceed  a  line  loss  of  more  than  15  volts. 
How  many  amperes  can  we  transmit  with  a  No.  6 
wire  ? 

To  do  this  we  multiply  the  constant  of  No.  6 
wire,  1248.7  by  the  line  loss  of  15  volts,  obtaining 
18730.5,  and  dividing  this  by  the  distance,  936.5 
feet,  we  obtain  20.0005,  ^^i"  practically  20  amperes. 

Finally,  and  as  is  more  often  the  case,  the  distance 
and  line  loss  and  current  are  given ;  we  have  to  mul- 
tiply the  distance  by  the  current  and  divide  by  the 
line  loss  which  will  give  us  the  constant  of  the  wire 
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to  use.  In  the  preceding  case  of  936.5  feet,  we 
multiply  by  the  current  of  20  amperes  and  obtain 
18730.;  dividing  this  by  the  line  loss  of  15  volts 
we  obtain  12,486.6,  which  is  practically  12,487,  the 
constant  for  No.  6  wire. 

If  this  constant  had  been  larger  still,  but  not  so 
large  as  the  constant  for  No.  5  wire,  it  would  be 
proper  to  select  the  nearest  constant. 

Primary  Wiring,  Single  Phase.  Primary  wires 
should  be  kept  at  least  twelve  inches  apart,  and  at 
that  distance  from  conducting  material.  Primary 
wires  carrying  over  3,500  volts  should  not  be 
brought  into  or  over  any  building  other  than  the 
centr^  power  station  or  sub-station,  nor  should  they 
run  across  the  front  of  any  building  close  enough 
to  be  in  the  way  of  the  fire  department. 

To  find  the  required  size  of  wires  for  any  alter- 
nating-current system,  refer  to  the  chapter  on  alter- 
nating-current wiring,  page  127. 

Wires  for  Outside  Use  have  in  most  cases  a 
"weather-proof"  (see  page  65)  insulation,  except 
service  wires,  which  should  be  "rubber  covered" 
(see  page  64).  Any  insulating  covering  for  wires 
exposed  to  the  weather  on  poles  is  in  time  rendered 
useless.  The  real  insulation  of  the  system  is  de- 
pendent upon  the  porcelain  or  glass  insulators. 


POLES    FOR   LIGHT  AND    POWER 
WIRES. 

It  is  very  essential  to  a  proper  installation  that 
the  poles  receive  due  consideration,  a  fact  that  is 
too  often  overlooked, 

In  selecting  the  style  of  pole  necessary  for  a  cer- 
tain class  of  work,  the  conditions  and  circumstances 
should  be  considered.  They  may  be  arranged  in 
three  classes,  the  size  of  wire  they  are  to  carry  being 
one  of  the  important  regulating  circumstances. 

First  Class — Alternating  current  plants  for  light- 
ing small  towns.  Main  line  of  poles  should  con- 
sist of  poles  of  from  30  to  35  feet  with  6-inch  tops. 
These  are  strong  enough  for  all  the  weight  that  is 
placed  upon  them.  No  pole  less  than  30  feet  with 
6-inch  top  should  be  placed  on  a  corner  for  lamps. 
The  height  of  trees,  of  course,  will  have  to  be  con- 
sidered in  many  cases.  For  the  Edison  municipal 
system,  where  more  than  one  set  of  wires  are  used 
for  street  lighting,  a  6-inch  top  should  be  the  size 
of  the  poles,  the  length  being  not  less  than  30  feet, 
and  more  if  the  streets  be  hilly  and  filled  with  trees. 

Second  Class — Town  lighting  by  arc  lights.  All 
poles  should  be  at  least  6-inch  tops.  The  corner 
poles  should  be  6>^-inch  tops,  and  wherever  the 
cross  arms  are  placed  on  a  pole  at  different  angles, 
the  pole  should  be  at  least  a  6>^-inch  top.  A  30- 
foot  pole  is  sufficiently  long  for  the  main  line,  but 
it  would  be  advisable  to  place  35-foot  poles  on 
comers. 

Third  Class— Where  heavy  wire,  such  as  No.  00, 
IS  used  for  feeder  wire,  the  poles  should  be  at  least 
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ANGLES  OF  BRACES 
WILL  BE  GOVERNED 
BY  CIRCUMSTANCES 


BLOCK  l(r,»t*r 


X  VARIES  AS 
THE  DIAMETER 
OF  THE  POLE 
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CONSTRUCTION  WORK 

Position  of  Cross-Arms  when  Turning  Corners 

When  running  a  heavy  line  where  it  is  necessary  to  use  two  cross 
arms  fastened  as  shown  in  Fig.  2.    If  lines  are  not  heavy,  only  one 
cross  arm  will  be  necessary.    In  case  lines  cross  the  street  diag- 
onally, the  arms  where  the  wires  leave  and  those  to  which  they 
run  are  both  set  at  an  angle.    When  turning  an  abrupt  cor- 
ner, only  one  arm  is  turned.    The  above  cannot  be  used 
where  feedei-s  tap  into  double  branches.     In  such  cases 
the  method  as  given  in  Fig.  1  is  used. 
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7-inch  tops.  Where  mains  are  run  on  the  same 
pole  line  the  strain  is  somewhat  lessened,  and  poles 
of  smaller  size  will  answer  all  purposes. 

Cull  Poles.  The  question  as  to  what  is  a  cull  pole 
is  something  on  which  many  authorities  differ.  Of 
course,  if  specifications  call  for  a  certain  sized  pole, 
parties  supplying  the  poles  should  be  compelled  to 
send  the  sizes  called  for.  All  poles  that  are  smaller 
at  the  top  than  the  sizes  agreed  upon,  are  troubled 
with  dry  rot,  large  knots  and  bumps,  have  more  than 
one  bend,  or  have  a  sweep  of  over  twelve  inches, 
should  certainly  be  classed  as  cull  poles.  Specifica- 
tions for  electric  light  and  power  work  should  be, 
and  in  many  cases  are,  much  more  severe  than  those 
required  by  telegraph  lines.  A  cull  pole,  one  of  good 
material,  is  the  best  thing  for  a  guy  stub,  and  is  fre- 
quently used  for  this  purpose.  A  cedar  pole  is  al- 
ways preferable  to  any  other,  owing  to  the  fact  that 
it  is  very  light  in  comparison  to  other  timber,  and  is 
strong,  durable,  and  very  long  lived. 

Pole  Setting.  In  erecting  poles,  it  seems  to  be 
the  universal  opinion  of  the  best  posted  construc- 
tion men  that  a  pole  should  be  set  at  least  five  feet 
in  the  ground,  and  six  inches  additional  for  every 
five  feet  additional  length  above  thirty-five  feet. 
Also  additional  depths  on  corners.  Wherever  there 
is  much  moisture  in  the  ground,  it  is  of  much  value 
to  paint  or  smear  the  butt  ends  of  the  pole  with  pitch 
or  tar,  allowing  this  to  extend  about  two  feet  above 
the  level  of  the  ground.  This  protects  the  pole 
from  rot  at  the  base.  The  weakest  part  of  the  pole 
is  just  where  it  enters  the  ground.    Never  set  poles 


further  than  125  feet  apart;  spacing  not  over  no 
feet  is  good  practice. 

Pole  Holes  should  be  dug  large  enough  so  th^t 
the  butt  of  the  pole  can  be  dropped  straight  in  with- 
out any  forcing,  and  when  the  pole  is  in  position 
only  one  shovel  should  be  used,  to  fill  in,  the  earth 
being  thoroughly  tamped  down  with  iron  tampers 
at  every  step  until  the  hole  is  completely  filled  with 
solidly  packed  earth.  Where  the  ground  is  too  soft 
for  proper  tamping,  a  grouting  composed  of  one 
part  of  Portland  cement  to  two  parts  of  sand  mixed 
with  broken  stone  may  be  used  to  make  an  artificial 
foundation. 

Painting.  When  poles  are  to  be  painted,  a  dark 
olive  green  color  should  be  chosen,  in  order  that 
they  may  be  as  inconspicuous  as  possible.  One  coat 
of  paint  should  be  applied  before  pole  is  set,  and 
one  after  pole  is  set.  Tops  should  be  pointed  to 
shed  water. 

CEDAR  POLES  FOR   ELECTRIC  LIGHT  WORK. 


SIZE. 

Average 

weight, 

pounds 

each. 

No.  of 

Poles 

to  a  Car 

SIZE. 

Average 
weight, 
pounds 
each. 

No.  of 

Poles 

to  a  Ca 

25-ft.,  5-inch  top 

200 

150 

35-ft.,  7-inch  top 

650 

90 

25  "     5^ 

♦ 

225 

130 

40  "     6      "     " 

800 

80 

25  "     6 

• 

250 

100 

40  "      7      "     " 

900 

75 

28  "      7 

< 

400 

80 

45  "     6      ••     " 

900 

70 

30  "     5 

• 

800 

110 

45  "     7      "     " 

1000 

65 

30  "      6 

• 

350 

90 

60  "     6      "     " 

1200 

55 

80  "     7 

•• 

420 

75 

65  "     6      "     " 

1400 

46 

85  "     6 

* 

« 

550 

100 

' 
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All  poles  35  feet  long  and  over  must  be  loaded 
on  two  cars. 

For  chestnut  poles  add  50  per  cent,  to  weights  as 
given  above. 

Cross  Arms.  The  distance  from  the  top  of  the 
pole  to  the  cross  arm  should  be  equal  to  the  diameter 
of  pole  at  the  top.  All  cross  arms  should  be  well 
painted  with  one  coat  of  paint  before  placing,  and 
must  be  of  standard  size  as  shown  in  the  diagrams. 
Cross  arms  of  four  or  more  pins  should  be  braced, 
using  one  or  two  braces  as  occasion  demands.  Cross 
arms  on  one  pole  should  face  those  on  the  next, 
thereby  making  the  cross  arms  on  every  other  pole 
face  in  one  direction.  All  wooden  pins  should  have 
their  shanks  dipped  in  paint  and  should  be  driven 
into  the  cross  arm  while  the  paint  is  wet.  The 
upper  part  of  the  pin  should  also  be  painted.  Iron 
pins  can  be  furnished  for  corners  where  there  is  a 
heavy  strain,  but  are  not  advised,  it  being  prefer- 
able to  use  the  construction  as  shown  in  the  di^i- 
grams.  Put  double  arms  on  the  pole  where  feeder 
wires  end. 

Guard  Irons.  Guard  irons  should  be  placed  at  all 
angles  in  lines  and  on  break  arms. 

Steps.  All  junction  and  lamp  poles  should  be 
stepped  so  that  the  distance  between  steps  on  the 
same  side  of  the  pole  will  not  be  over  36  inches. 
Poles  carrying  converters  should  also  be  stepped. 

Guys.  All  poles  at  angles  in  the  line  should  be 
properly  guyed,  using  No.  4  B.  &  S.  galvanized  iron 
wire,  or  two  No.  8  wires  twisted.  All  junction  poles 
should  also  be  guyed.  Never  attach  a  guy  wire  to 
a  pole  so  that  it  prevents  a  cross  arm  from  being 
removed. 

S8 


For  alternating  work,  double  or  triple  petticoav 
insulators  are  recommended.  (See  cuts  on  page 
62.)  Pole  brackets,  except  in  connection  with  the 
tree  insulators,  should  not  be  used. 

Tape  should  be  secured  at  either  end  of  a  joint 


Porcelain  Tube,  to  be  used  where  wires  enter  buildings  from  outside, 
showing  drip  loop  in  wire. 

by  a  few  turns  of  twine.  When  looping  for  lamps, 
etc.,  leave  coiled  sufficient  wire,  without  waste,  to 
reach  lamp  or  building  without  joints.  In  cutting 
arc  or  incandescent  lamps  into  an  existing  circuit, 
use  a  piece  of  "rubber  covered"  wire  (see  page  64). 
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POLE  LINE  DATA 


Gauge  No.  B.  &  S 

Diam.  Bare  >vire,  in  Thousandths 
Ohms  Res.  B.  wire  at  75°  per  mile 
Wt.  (lbs.)  per  1,000  ft.  Triple  B  .  . 
Wt.      "      "     Mie  ''       ".. 


Poles  per  Mile 


34. 


37- 


Dist.  bet. 
Poles— tt. 


264.00 
251.40 
240.10 
229.56 
220.00 
211.20 
203.07 
195.55 
188.55 
182.09 
176.00 
170.30 
165.00 
160.00 
155.29 
150.85 
146.66 
142.70 
138.96 
135.38 
132.00 
128.78 
125.71 
122.79 
120.00 
117.33 
114.78 
112.34 
110.00 
107.75 
105.60 
103.52 
101.53 
99.64 
97.77 
96.00 


4-0 

3-0 

2-0 

1-0 

1 

.460 

.40964 

.3648 

.3249 

.2893 

.2622 

.33 

.4164 

.5252 

.6642 

775 

630 

490 

400 

306 

4092 

3326 

2587 

2112 

1616 

210.73 

171.31 

133.24 

108.78 

200.66 

163.14 

126.87 

103.58 

191.64 

155.81 

121.17 

98.91 

183.24 

148.96 

115.85 

94.57 

175.60 

142.76 

111.03 

90.64 

168.59 

137.04 

106.58 

87.01 

162.07 

131.76 

102.48 

83.65 

156.10 

126.90 

98.69 

80.56 

150.46 

122.35 

95.16 

77.68 

145.34 

118.16 

91.89 

75.01 

140.50 

114.21 

88.83 

72.51 

135.92 

110.51 

85.95 

70.16 

131.71 

107.07 

83.28 

67.98 

127.72 

103.82 

80.75 

65.92 

123.96 

100.76 

78.37 

63.98 

120.38 

97.89 

76.14 

62.15 

117.07 

95.15 

74.02 

60.43 

113.90 

92.60 

72.02 

58.79 

110.93 

90.17 

70.13 

57.25 

108.05 

87.84 

68.33 

55.77 

105.37 

85.65 

66.62 

54.38 

102.79 

83  56 

64.99 

53.05 

100.35 

81.58 

63.44 

51.79 

98.01 

79.68 

61.97 

50.59 

95.79 

77.87 

60.56 

49.47 

93.66 

76.15 

59.21 

48.38 

91.61 

74.48 

57.93 

47  27 

89.67 

72.89 

56.70 

46  28 

87.80 

71.38 

55.52 

45.32 

86.01 

69.92 

54.38 

44.39 

84.30 

68.53 

53.29 

43.50 

82.63 

67.18 

52.24 

42.65 

81.04 

65.89 

51.24 

41.83 

79.54 

64.65 

50.29 

41.05 

78.04 

63.44 

49.34 

40.28 

76.63 

65.29 

48.45 

39.55 

83.21 
77.24 
75.67 
72.36 
69.34 
66.56 
64.00 
61.64 
59.43 
57.39 
55.47 
53.67 
52.01 
50.43 
48.94 
47.55 
46.23 
44.98 
43.88 
42.67 
41  61 
40.59 
39.62 
38.70 
37.82 
36.98 
36.18 
35.40 
34.67 
33.96 


32.00 
31.40 
30.82 
80.25 
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POLE  LINE  ViklK— Continued. 


Gauge  No,  B.  &  S 

Diam.  Bare  Wire,  Thousandths. 
Res.  B.  Wire,  per  mile  at  75".. 

Wt.  1.000  ft.  Triple  Braid 

Wt.  Mile  '•  '•     


No.  3 

No.   4 

No.   5 

.\o.  6. 

No.  7 

.2294 

.2043 

.1819 

.1620 

.1442 

1.058 

1.333 

1.6748 

2.114 

2.673 

210 

164 

145 

112 

1109 

866 

766 

591- 

Poles  Per 
Mile 


21. 
22 
23 
24. 
25. 
26 
27, 
28. 
29 
30, 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 


Distance 

Between  Poles 

—  t-eet 


Approximate  W  t.  of  Tiiple  Braid  Wiie 
between  Poles 


264. 

251. 

240. 

229. 

220. 

211. 

203. 

195. 

188. 

182. 

176. 

170. 

165. 

160. 

155. 

150. 

146. 

142, 

138. 

135. 

132 

128. 

125. 

122. 

120 

117. 

114. 

112 

110 

107 

105 

103 

101 
99 
97 
96 
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57.10 
54.38 
51.93 
49.65 
47.59 
45.68 
43.92 
42.29 
40.78 
39.39 
38.07 


34.61 
33.59 
32.63 
31.72 
30.87 
30.06 
29.28 
28.55 
27.85 
27.19 
26.56 
25.96 
25.38 
24.83 
24.30 
23.79 
23.31 
22.84 
22.39 
21.96 
21.55 
21.15 
20.76 


44.59 
42.46 
40.55 
38.77 
37.16 
35.68 
34.30 
33.03 
31.85 
30.76 
29.73 
28.77 
27.87 
27.03 
26.23 
25.48 
24.78 
24.10 
23.47 
22.86 
22.30 
21.75 
21.24 
20.74 
20.27 
19.82 
19.39 
18.98 
18.58 
18.20 
17.84 
17.49 
17.15 
16.83 
16.51 
16.21 


39.43 
37.54 
35.86 
34.28 
32.86 
31.54 
30.33 
29.21 
28.16 
27.19 
26.29 
25.43 
24.64 
23.90 
23.19 
22.53 
21.90 
21.31 
20.76 
20.22 
19.71 
19.23 
18.78 
18.34 
17.92 
17.52 
17.14 
16.78 
16.43 
16.09 
15.77 
15.46 
15.16 
14.88 
14.60 
14  34 


30.45 
29.00 
27.70 
26.48 
25.38 
24.36 
23.42 
22.56 
21.75 
21.00 
20.30 
19.64 
19.03 
18.46 
17.91 
17.40 
16.92 
16.46 
16.03 
15.62 
15.23 
14.85 
14.50 
14.17 
13.84 
13.53 
13.24 
12.96 
12.69 
12.43 
12.18 
11.95 
11.71 
11.49 
11.28 
11.07 


01 


Primary  Wires  on  Poles.  When  using  alternat- 
ing current  and  running  more  than  one  circuit  of 
primaries  upon  the  same  line  of  poles  the  wires  of 
each  circuit  should  be  run  parallel  and  on  adjacent 
pins,  as  shown  below,  so  as  to  avoid  any  fluctuation 
in  the  lamps  due  to  induction.  The  lines  letteed  A 
and  A  are  for  circuit  No.  i  and  B  and  B  for  circuit 
No.  2,  etc. 


B 


B 


When  connecting  transformers  to  looo-volt  mains 
a  double-pole  cut-out  is  placed  in  the  primary  cir- 
cuit. For  2000-volt  circuits  a  single-pole  cut-out 
should  be  placed  in  each  side  of  the  line,  thus  avoid- 
ing any  possible  short  circuit  due  to  an  arc  being 
established  across  the  contacts  of  the  double-pole 
cut-out.  This,  owing  to  the  great  difference  of  po- 
tential between  opposite  poles,  is  liable  to  occur 
when  the  fuses  "blow." 


6000  Volts  4000  Volts  15000  Volts 

Types  of  Petticoat  Insulators  for  high  voltages. 


CONNECTIONS 

OF 

GROUND  DETECTORS 


ALTERNATING 

GROUND  DETECTOR 

FOR  ON-E  CIRCUIT 


ALTERNATING 
GROUND  DETECTOR 
FOR  TWO  CIRCUITS 


n  n  n  n  n  n  n ; 

I    I    !    !    I    i       ! 


Qi 


DIRECT  CURRENT 
GROUND  DETECTOR 


!     ;     !  I  '     I     I     I     ' 


Q 


*^= Le) g=M 


IF  THE  LAMP  BURNS  A  GROUND  18  INDICATED 
ON  THE  OPPOSITE  SIDE  OF  THE  CIRCUIT 
FROM  THAT  TO  WHICH  THF.  SWITCH 
IS  CONNECTED 


es 


INSIDE  WIRING. 

Approved  "Rubber  Covered"  Wire  should  be  used 
exclusively  in  all  interior  wiring.  Although  the 
Fire  Underwriters  allow  "Slow  Burning"  wire  to  be 
used  in  dry  places  when  wiring  is  entirely  exposed 
to  view  and  rigidly  supported  on  porcelain  or  glass 
insulators  "Rubber  Covered"  wire  is  preferable. 

The  copper  conductors  before  being  rubber  cov- 
ered should  be  thoroughly  tinned  and  the  thickness 
of  the  rubber  covering  should  correspond  to  the  fol- 
lowing table  for  voltages  up  to  600. 


From  No. 

18 

IS 
7 

I 

to  No. 
to     " 
to    " 
to     •• 

16 

8 

2 

0000 

inclusive 
<• 

sV  in. 
,\  in. 
IB  in. 
e^in 

« 
« 

Larger 

0000 
500000  c. 
than 

m. 

to     •• 
to     •• 

500000  c 

lOOOOOO 
lOOOOOO 

m. 

;" 

,%  in. 
,&in 
i   in. 

For  voltages  between  601  and  3500. 

From  No.  14  to  No.  i  inclusive  g\  in. 

"  0  to     "    500000  c.  m.  "         3^  in.  I      covered  by 

Larger  than  "    500000     "  "         s^  in.  j     braid  or  tape. 

Manufacturers  of  Approved  "Rubber  Covered" 
Wires : 

Acme  Rubber  Mfg.  Co.,  Trenton,  N.  J. 
American  Electrical  Works,  Providence,  R.  I. 
American  Steel  and  Wire  Co.,  Worcester,  Mass. 
Atlantic  Ins.  Wire  and  Cable  Co.,  New  York. 
Bay  State  Wire  and  Cable  Co.,  Hyde  Park,  Mass. 
Belden  Mfg.  Co.,  Chicago,  111. 
Bishop  Gutta  Percha  Co.,  New  York,  N.  Y. 
Boston  Insulated  Wire  and  Cable  Co.,  Boston,  Mass. 
Bourn  Rubber  Co.,  Providence,  R.  I. 
Collyer  Insulated  Wire  &  Cable  Co.,   Pawtucket, 
Consumers*  Rubber  Co.,  Bristol,  R.  I. 
Crescent  Insulated  Wire  and  Cable  Co.,  Trenton. 
Detroit  Insulated  Wire  Co.,  Detroit,  Mich. 


Diamond  Rubber  Co.,  Akron,  O. 

Electric  Cable  Co.,  Bridgeport,  Conn. 

General  Electric  Co.,  Schenectady,  N.  Y. 

Gk)odyear  Rubber  Insulating  Co.,  New  York,  N.  Y. 

Habirshaw  Wire  Co.,  Yonkers,  N.  Y. 

Hazard  Mfg.  Co.,  Wilkesbarre,  Pa. 

Home  Rubber  Co.,  Trenton,  N.  J. 

Indiana  Rubber  and  Ins.  Wire  Co.,  Jonesboro,  Ind. 

Kerite  Insulated  Wire  &  Cable  Co.,  New  York. 

Lowell  Insulated  Wire  Co.,  Lowell,  Mass. 

Marion  Insulated  Wire  &  Rubber  Co.,  Marion,  Ind. 

National  India  Rubber  Co.,  Bristol,  R.  I. 

New  York  Insulated  Wire  Co.,  New  York,  N.  Y. 

Okonite  Co.,  Limited,  New  York,  N.  Y. 

Phillips  Insulated  Wire  Co.,  Pawtucket,  R.  I. 

Roebling's,  John  A.,  Sons  Co.,  Trenton,  N.  J. 

Rome  Wire  Co.,  Rome,  N.  Y. 

Safety  Insulated  Wire  and  Cable  Co.,  New  York. 

Simplex  Electrical  Co.,  Boston,  Mass. 

Standard  Underground  Cable  Co.,  Pittsburg,  Pa. 

Waterbury  Co.,  New  York,  N.  Y. 

"Slow  Burning"  Wire  should  have  an  insulation 
consisting  of  three  braids  of  cotton  or  other  thread 
with  the  interstices  well  filled  with  a  fireproofing 
compound.  The  outer  braid  should  be  designed  to 
resist  abrasion  and  have  its  surface  finished  smooth 
and  hard. 

The  complete  covering  should  be  of  a  thickness 
not  less  than  that  given  in  the  following  table : 


From  No. 

14 

to  No. 

8 

inclusive 

«       <i 

7 

to     " 

2 

«« 

<i       <i 

1 

to     " 

0000 

« 

"       "         0000 

to     " 

500000 

c.  m. 

<« 

"       "    500000 

to     " 

1000000 

c.  m. 

« 

Larger  than 

1000000 

c.  m. 

•« 

"Weatherproof" 

Wire  is   for  out-door  u 

use,  and 

should  have  a  covering  of  at  least  three  braids  thor- 
oughly impregnated  with  a  dense  moisture  repellent 

«6 


which  should  stand  a  temperature  of  i6o°  Fahren- 
heit  without  dripping.  The  thickness  should  corre- 
spond to  that  of  "Slow  Burning  Weatherproof"  and 
the  outer  surface  should  be  thoroughly  slicked  down. 
Carrying  Capacity  of  Wires.  The  table  on  page 
74  gives  the  safe  carrying  capacity  of  wires  from 
No.  i8  B.  &  S.  to  cables  of  2,000,000  circular  mils. 
No  wires  smaller  than  No.  14  should  be  used  except 
for  fixture  wiring  and  pendants  in  which  cases  as 
small  as  No.  18  may  be  used.     (See  pages  88  and 

89.) 

Tie  Wires  should  have  an  insulation  equal  to  that 
of  the  conductors  they  confine. 

Splicing  should  be  done  so  as  to  make  the  wires 
mechanically  and  electrically  secure  without  solder ; 
then  they  should  be  soldered  to  instlre  preservation 
from  corrosion  and  consequent  heating  from  poor 
contact. 

All  joints  should  be  soldered  unless  made  with 
some  form  of  approved  splicing  device  such  as  Dos- 
sert  joints.  (See  page  39.)  This  ruling  applies 
to  joints  and  splices  in  all  classes  of  wiring. 

Stranded  Wires  should  have  their  tips  soldered  be- 
fore being  fastened  under  clamps  or  binding  screws. 
When  the  stranded  wires  have  a  conductivit>' 
greater  than  No.  8  B.  &  S.  copper  wire  they  should 
be  soldered  into  lugs,  unless  Dossert  lugs  are  used. 

Wiring  Table,  No.  2.  The  following  examples 
show  the  method  of  using  the  table  on  opposite 
page. 

I.  What  size  of  wire  should  we  use  to  run  50 
50-watt  carbon  lamps,  of  no  volts,  a  distance  of 
150  feet  to  the  center  of  distribution  with  the  loss 
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of  2  volts  ?  First  multiply  the  amperes,  which  will 
be  22.75  (50-50  watt  iio-v.  lamps  take  22.75  ^^- 
peres,  see  table  on  page  102),  by  the  distance,  150 
feet,  which  will  equal  3412  ampere- feet.  Then  refer 
to  the  columns  headed  "Actual  Volts  Lost,"  and  as 
we  are  to  have  only  a  loss  of  two  volts  look  down 
the  column  headed  2  until  you  come  to  the  nearest 
corresponding  number  to  3412  and  we  find  that  3900 
is  the  best  number  to  use.  Put  your  pencil  on  the 
number  3900  and  follow  that  horizontal  column  to 
the  left  until  you  come  to  the  vertical  column  headed 
"Size  B.  &  S."  and  you  find  that  a  No.  4  B.  &  S. 
wire  will  be  the  proper  size  to  use  in  this  case. 

2.  What  size  wire  should  we  use  to  carry  cur- 
rent for  a  motor  that  requires  30  amperes  and  220 
volts,  and  is  situated  200  feet  from  the  distributing 
pole,  the  "drop"  in  volts  not  to  exceed  2  per  cent? 
First  multiply  30  amperes  by  200  feet,  as  we  did  in 
the  first  example,  and  we  get  6000  ampere  feet.  Now 
look  at  the  upper  left  hand  corner  of  the  table  and 
you  will  see  a  vertical  column  headed  "Volts."  Go 
down  this  column  until  you  come  to  220  and  follow 
the  horizontal  column  to  the  right  until  you  come  to 
the  figure  1.8,  which  is  the  nearest  we  can  come  to  a 
2  per  cent,  loss  without  a  greater  loss  or  "drop." 
Place  your  pencil  on  a  figure  1.8  and  follow  down 
the  vertical  column  of  figures  until  you  come  to  the 
nearest  corresponding  figure  to  6000,  which  we  find 
to  be  6200.  Then  with  your  pencil  on  this  figure  fol- 
low the  horizontal  column  to  the  left  and  we  find 
that  a  No.  5  B.  &  S.  wire  is  a  proper  size  to  use  for 
the  above  conditions. 

3.  Supposing  we  have  occasion  to  inspect  a  piece 


of  wiring,  and  find  a  dynamo  operating  50-50  watt 
iio-volt  lamps  at  a  distance  of  150  feet,  and  our 
wire  gauge  shows  that  wire  in  use  is  a  No.  12  B.  & 
S.,  at  what  loss,  or  "drop,"  are  these  lamps  being 
operated?  First  multiply  the  amperes,  which  will 
be  22.75  (50*50  watt  iio-v.  lamps  take  22.7;  am- 
peres, see  table  on  page  102),  by  the  distance,  150 
feet  and  we  get  3412  ampere  feet.  As  we  find  in 
use  a  No.  12  B.  &  S.  wire  we  look  for  the  vertical 
column  headed  "Size  B.  &  S."  and  follow  it  down 
until  we  come  to  12.  With  our  pencil  on  the  figure 
12  we  travel  along  the  horizontal  line  to  the  right 
until  ,we  come  to  the  nearest  corresponding  number 
to  3412,  which  we  find  to  be  3050.  Then  starting  at 
this  number  we  travel  up  the  vertical  column  and 
we  find  a  loss  of  about  10  actual  volts,  or  at  an  8 
per  cent,  loss,  which  would  greatly  reduce  the  can- 
dle-power or  brilliancy  of  his  lamps.  A  larger  wire 
should,  therefore  be  used. 

Installation  of  Wires.  All  wiring  should  be  kept 
free-  from  contact  with  gas,  water  or  other  metallic 
piping,  or  any  other  conductors  or  conducting  ma- 
terial which  they  may  cross,  by  some  continuous  and 
firmly  fixed  non-conductor,  creating  a  separation  of 
at  least  one  inch,  and  in  wet  places  should  be  ar- 
ranged so  that  an  air  space  will  be  left  between  con- 
ductors and  pipes  in  crossing,  and  the  former  must 
be  run  in  such  a  way  that  they  cannot  come  in  con- 
tact with  the  pipe  accidentally.  Where  one  wire 
crosses  another  wire  the  best  and  usual  means  of 
separating  them  is  by  a  porcelain  tube  on  one  of  the 
wires.  (Fig.  13,  page  107.)  The  tubing  should  be 
prevented  from  moving  out  of  place  either  by  a  cleat 


or  knob  on  each  end,  or  by  taping  it  securely  in 
place. 

The  same  method  may  be  adopted  where  wires 
pass  close  to  iron  pipes,  beams,  etc.,  or,  where  the 
wires  are  above  the  pipes,  as  is  generally  the  case, 
ample  protection  can  frequently  be  secured  by  sup- 
porting the  wires  with  a  porcelain  cleat  placed  as 
nearly  above  the  pipe  as  possible. 

TABLE  OF  DIMENSIONS    AND  RESISTANCES    OF  COPPER  WIRE. 


B.  &S. 
Gauge 

No. 


0000 

000 

00 

0 


Diam. 
Mils. 


4(i0. 
410. 


!25. 


229. 
204. 
182. 

162. 
144. 
128. 
114. 
102. 

91. 
«1. 
72. 
64. 
67. 

61. 
45. 
40. 

86. 


BARE  WIRE. 

INSULATED  WIRE. 

Area. 

Circ.  Mils. 
B. and  S, 

Lbs.  per 

Lbs.  per 

Ft.  per 

Lbs.  pei 

Lbi.  per 

Ft.  per 

Gauge. 

lOOO  ft. 

Mile. 

Pound. 

lOOO  ft. 

716 

Milf. 

Pound. 

211,600 

640.73 

3383,04 

1.56 

3781. 

1.39 

168,100 

508.12 

•.:087,85 

1.97 

575 

3036. 

1.74 

133,225 

402.97 

2127.66 

2.48 

465 

2455. 

2.15 

105,625 

319.74 

1688.20 

3.13 

375 

1980. 

2.67 

83,521 

253.43 

1338.10 

3.95 

285 

1505. 

3.51 

66,564 

200.98 

1061.17 

4.98 

245 

1294. 

4.08 

S2.4fi 

159.38 

841.50 

6.28 

190 

1003. 

5.26 

41,616 

126.40 

067.38 

7.91 

152 

803. 

6.68 

33,124 

100.23 

529.23 

9.98 

120 

634. 

8.34 

3^ 

79.49 

419.69 

12.68 

98 

518. 

10.20 

20,736 

63.03 

3  2.82 

15.86 

16,384 

49.09 

263.96 

20.00 

66 

349. 

15.15 

12,996 

39.65 

209.35 

25.22 

10,404 

81.44 

165.98 

31.81 

45 

238. 

22.22 

8,281 

24.9^ 

131.65 

40.11 

6,561 

19.77 

10V.40 

50.. ^^8 

30 

158. 

33.33 

5,184 

15.68 

82.792 

63.78 

4,096 

12.44 

65.658 

80.42 

20 

106. 

50.00 

3,249 

9.86 

52.069 

101.40 

2,601 

7.82 

41.292 

127  87 

14 

74. 

71.40 

2,025 

6.20 

32.746 

161.24 

1,600 

4.92 

25.970 

203.31 

10 

53. 

100.00 

1,296 

3.90 

20.594 

256.39 

1,024 

3.09 

16.::  31 

323.32 

Wires  should  be  run  over  rather  than  under  pipes 
upon  which  moisture  is  likely  to  gather,  or  which  by 
leaking  might  cause  trouble  on  a  circuit.  No 
smaller  size  than  No.  14  B.  &  S.  gauge  should  ever 


TENSILE  STRENGTH 

OF  COPPER  WIRE. 

Breaking  weight, 

Breaking  weight. 

Pounds. 

Pounds. 

Numbers, 

Numbers, 

B.  &  S.  G. 

B.  &  S.  G. 

Hard- 

An- 

Hard- 

An- 

drawn. 

nealed. 

drawn. 

nealed 

0000 

8  310 

5  650 

9 

616 

349 

000 

6  580 

4  480 

10 

489 

277 

GO 

5  226 

3  553 

11 

388 

219 

0 

4  558 

2  818 

12 

307 

174 

1 

3  746 

2  234 

13 

244 

138 

2 

3  127 

1772 

14 

193 

109 

3 

2  480 

1405 

15 

153 

87 

4 

1967 

1114 

16 

133 

69 

5 

1559 

883 

17 

97 

55 

6 

1237 

700 

18 

77 

43 

7 

980 

555 

19 

61 

34 

8 

778 

440 

20 

48 

27 

The  strength  of  soft  copper  wire  varies  from 
32,000  to  36,000  pounds  per  square  inch,  and  of 
hard  copper  wire  from  45,000  to  68,000  pounds  per 
square  inch,  according  to  the  degree  of  hardness. 

EgUlVAl^ENT  CKOSS  SECTIONS  OF  WIRES. 
Brown  &  Sharp  Gauge. 


0000 

2-  0 

4—  3 

8-  G 

16-9 

32—12         ( 

54-15 

128—18 

000 

2-  1 

4-  4 

8-  7 

16—10 

32—13 

M-16 

00 

2-  2 

4—  5 

.  8-  8 

16—11 

32-14         ( 

54-17 

•    1  and  3 

0 

2-  3 

4-  6 

8-9 

16-12 

32—15         ( 

U-LS 

2     "    4 

1 

2-  4 

4—  7 

8-10 

16-13 

32—16 

3      "    5 

2 

2-  5 

4-  8 

8-11 

16-14 

32-17 

4      "    6 

3 

2-  6 

4  -  9 

8-12 

16-15 

32—18 

5      "    7 

4 

2-  7 

4-10 

8-l:i 

16-16 

6      "    8 

5 

2-  8 

4-11 

8-14 

16-17 

7      "    9 

6 

2-9 

4-12 

8-15 

•  16-18 

8     "  10 

7 

2-10 

4-13 

8-16 

9     "  11 

3 

2-11 

4-14 

8-17 

10    "  12 

9 

2-12 

4-15 

8-18 

11    "  13 

10 

2     13 

4-16 

12    "  14 

11 

2-14 

4-17 

13    "  15 

12 

2-15 

4-18 

14   "  16 

13 

2-lG 

15    ••  17 

14 

2-17 

16   "  18 

15 

2-18 
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be  used  for  any  lighting  or  power  work,  not  that  it 
may  not  be  electrically  large  enough  but  on  account 
of  its  mechanical  weakness  and  liability  to  be 
stretched  or  broken  in  the  ordinary  course  of  usage. 
Smaller  wire  may  be  used  for  fixture  work,  if  pro- 
vided with  approved  rubber  insulation. 

Wires  should  never  be  laid  in  or  come  in  contact 
with  plaster,  cement  or  any  finish,  and  should  never 
be  fastened  by  staples,  even  temporarily,  but  always 
supported  on  porcelain  or  glass  insulators  or  cleats 
which  will  separate  the  wires  at  least  one-half  inch 
from  the  surface  wired  over  and  keep  the  wires  not 
less  than  two  and  one-half  inches  apart;  three  wire 
cleats  may  be  used  when  the  neutral  wire  is  run  in 
the  center  and  at  least  two  and  one-half  inches  sep- 
arate the  two  outside  or  -{-  and  —  wires.  This  style 
of  wiring  is  intended  for  low  voltage  systems  (300 
volts  or  less),  and  when  it  is  dl  open  work,  rubber 
covered  wire  is  not  necessary  as  "weatherproof" 
wire  may  be  used.  Weatherproof  wire  should  not 
be  used  in  moulding.  Wires  should  not  be  fished 
between  floors,  walls  or  partitions  or  in  concealed 
places  for  any  great  distance,  and  only  in  places 
when  the  inspector  can  satisfy  himself  that  the  rules 
have  been  complied  with,  as  this  style  of  work  is  al- 
ways more  or  less  uncertain. 

Twin  wires  should  never  be  used,  except  in  con- 
duits or  when  flexible  conductors  are  necessary ;  they 
are  always  unsafe  for  light  or  power  circuits  on  ac- 
count of  the  short  distance  between  them. 

All  wiring  should  be  protected  on  side  walls  from 
mechanical  injury.  This  may  be  done  by  putting 
a  substantial  boxing  about  the  wires,  allowing  an  air 

78 


space  of  one  inch  around  the  conductors  and  closed 
at  the  top  (the  wire  passing  through  bushed  holes) 
and  the  boxing  extending  about  five  feet  above  the 
floor.  Sections  of  iron  armored  conduit  may  be 
used  (the  wire  being  protected  by  approved  flexible 
tubing),  and  in  most  cases  this  practice  is  prefer- 
able. All  bushings  should  be  made  of  non-conibusti- 
ble,  non-absorptive  insulating  material  such  as  glass 
or  porcelain  and  should  be  used  wherever  wires  go 
through  walls,  floors,  timbers  or  partitions.  They 
should  be  long  enough  to  bush  the  entire  length  of 
the  hole  in  one  continuous  piece,  or  else  the  hole 
musj^  first  be  bushed  by  a  continuous  waterproof 
tube.  This  tube  may  be  a  conductor,  such  as  iron 
pipe,  but  in  that  case  the  wire  must  be  protected  by 
approved  flexible  tubing  extending  far  enough  to 
keep  the  wire  absolutely  out  of  contact  wjfh  the  pipe. 

If,  however,  iron  pipes  are  used  with  alternating 
currents,  the  two  or  more  wires  of  a  circuit  should 
always  be  placed  in  the  same  conduit.  If  plain  iron 
pipe  be  used  the  insulation  of  that  portion  of  each 
wire  within  the  pipe  should  be  reinforced  by  a  tough 
approved  flexible  tubing  projecting  beyond  the  iron 
tubing. 

When  crossing  floor  timbers  in  cellars  or  in  rooms 
when  they  might  be  exposed  to  injury,  wires  should 
be  attached,  by  their  insulating  supports,  to  the 
under  side  of  wooden  strips  not  less  than  one-half 
inch  in  thickness  and  not  less  than  three  inches  wide. 

When  wires  are  run  immediately  under  roofs,  or 
in  proximity  to  water  tanks  or  pipes  they  will  be 
considered  as  exposed  to  moisture  and  care  should 
be  taken  as  described  on  page  yy,  "Special  Wiring." 
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CARRYING    CAPACITIES 


AND    DIMENSIONS 
CABLES. 


OF    WIRES    AND 


As  adopted  by  the  Fire  Underwriters  of  the  United  States. 
For  further  dimensions  of  bare  and  insulated  wires,  see  Index. 


40 
45 
51 
57 
64 
72 

81 
91 
102 
114 
128 
144 

162 

182 
204 
229 
258 


325 
365 
410 
460 


727.3 
814.5 
891.9 
963.9 
1030.5 

1092.0 

1152 

1208.7 

1262.8 

1314.5 

1364 

1413.5 
1458.6 
1503.7 
1547.7 
1571.9 
1630.2 


3 


1,600 
2,025 
2,601 
3,249 
4,096 
5,184 

6,561 

8,281 

10,404 

2,996 

16,384 

20,736 

26  244 
33124 
41'616 
52'441 
66"564 

83,521 
105,625 
133,225 
168,100 
211600 

300,000 
400,OOJ 
500,000 
600,000 
700,001 1 
800,000 

900,000 
1,000,000 
1.100,000 
1,200,000 
1,300,000 
1,400,000 

1,600,000 
1,600,000 
1,700,000 
1,800,000 
1,900,000 
2,000,000 


«  w  o 
IP 


400 
500 
590 
680 
760 
840 

920 
1000 
1080 
1160 
1220 
1290 

1360 
1430 
1490 
1550 
1610 
1670 


23 

17 

27 

21 

32 

24 

39 

29 

46 

33 

56 

39 

65 

45 

77 

54 

92 

65 

110 

76 

131 

90 

156 

107 

185 

127 

220 

150 

262 

177 

312 

210 

270 
330 
390 
450 
500 
550 


650 
690 
730 
770 
810 


970 
1010 
1050 


6.3880 
5.0660 
4.0176 
3.1860 
2.5266 
2.0037 

1 .5890 
1.2602 


.79242 
.62849 
.49845 

.39528 
.31346 
.24858 
.19714 
.15633 

.12398 
.09827 
.07797 
.06134 
.04904 

.03355 
.02516 
.02013 
.01666 
.01438 
.01258 

.01118 
.01006 
.00915 
.00838 
.00769 
.00715 

.00667 
.00625 
.00588 
.00556 
.00527 
.00500 


4.92 
6.20 

7.82 
9.86 
12.44 
15.68 

19.77 
24.93 
31.44 
39.65 
49.99 
63.03 

79  .'49 
100.23 
126.40 
159.38 
200.98 

253.43 
319.74 

402.97 
508.12 
040.73 

932 
1242 
1553 
1863 
2174 
2474 

2795 
3106 
3416 
3727 
4038 
4348 


4968 
5278 
5588 
5898 
6208 


u 

•H  9 

&s 

©5 

®.2 

n 

-s 

"  u 

^^ 

16 

20 

s 

26 

s 

85 

.2  . 

^S 

55 

^9 

78 

^1 

®  d 

112 
145 
164 

c  o 

210 

® 

268 

i 

306 

H 

400 

S. 

490 

630 

775 

.2 

37-090 
37-1039 

s 

01-0905 

«^ 

61-0991 

|i 

61-1071 

61-1145 

o  «^ 

e  m 

61-12:4 

o-S 

61-128 

^ 

61-343 
91-1148 

^  a 

91-1195 

S  2i 

91-124 

-i 

91-1285 

o  •« 

91-1326 

u 

91-1367 
127-1 195 

^ 

127-1223 

127-1254 

The  lower  current  carrying  limit  (fifth  column)  is  specified  for  rubber- 
covered  wires  to  prevent  gradual  deterioration  of  the  high  insulations  by  the 
heat  of  the  wires,  but  not  from  fear  of  igniting  the  insulation. 

The  carrying  capacity  of  Nos.  16  and  18,  B.  &  S.  gauge  wire  is  given, 
but  no  smaller  than  No.  14  should  be  used  for  general  wiring  purposes. 


Series  Arc  Wiring.  All  wiring  in  buildings  for 
constant  current  series  arc  lighting  should  be  with 
approved  rubber  covered  wire  and  the  circuit  ar- 
ranged to  enter  and  leave  the  building  through  an 
approved  double  contact  service  switch,  which  means 
a  switch  mounted  on  a  non-combustible  non-absorp- 
tive insulating  base  and  capable  of  closing  the  main 
circuit  and  disconnecting  the  branch  wires  when 
turned  "off" ;  this  switch  must  be  so  constructed  that 
it  will  be  automatic  in  action,  not  stopping  between 
points  when  started,  and  must  prevent  an  arc  be- 
tween points  under  all  circumstances,  and  must  indi- 
cate,.^on  inspection,  whether  the  current  be  "on" 
or  "off."  Such  a  switch  is  necessary  to  cut  the  high 
voltage  current  completely  out  of  the  biiilding  by 
firemen  in  case  of  fire  or  when  it  becomes  necessary 
to  make  any  changes  in  the  lamps  or  wiring.  It 
should  be  in  a  non-combustible  case. 

This  class  of  wiring  should  never  be  concealed  or 
incased  except  when  requested  by  the  Electrical  In- 
spector, and  should  always  be  rigidly  supported  on 
porcelain  or  glass  insulators  which  will  separate 
the  wiring  at  least  one  inch  from  the  surface  wired 
over,  and  should  be  kept  at  least  eight  inches  from 
each  other.  No  wires  carrying  a  potential  of  over 
3500  volts  should  be  carried  into  or  over  any  build- 
ing ejjcept  central  stations  and  sub-stations.  All 
arc  light  wiring  should,  on  side  walls,  be  protected 
from  mechanical  injury  by  a  substantial  boxing, 
retaining  an  air  space  of  one  inch  around  the  con- 
ductors, closed  at  the  top  (the  wires  passing  through 
bushed  holes),  and  extending  not  less  than  seven 
feet  from  the  floor.     When  crossing  floor  timbers 
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in  cellars,  or  in  rooms  where  they  might  be  exposed 
to  injury,  wires  should  be  attached  by  their  insulat- 
ing supports  to  the  under  side  of  a  wooden  strip  not 
less-  than  one-half  an  inch  in  thickness.  Instead  of 
the  running-boards,  guard  strips  on  each  side  of 
and  close  to  the  wires  will  be  sufficient.  These 
strips  to  be  not  less  than  seven-eighths  of  an  inch 
in  thickness  and  at  least  as  high  as  the  insulators. 

Except  on  joisted  ceilings,  a  strip  one-half  of  an 
inch  thick  is  not  considered  sufficiently  stiff  and 
strong.  For  spans  of  say  eight  or  ten  feet,  where 
there  is  but  little  vibration,  one-inch  stock  is  gener- 
ally sufficiently  stiff;  but  where  the  span  is  longer 
than  this  or  there  is  considerable  vibration,  still 
heavier  stock  should  be  used. 

Arc  Lamps  should  be  carefully  isolated  from  in- 
flammable material,  and  should  be  provided  at  all 
times  with  a  glass  globe  surrounding  the  arc,  and 
securely  fastened  upon  a  closed  base.  Broken  or 
cracked  globes  should  not  be  used. 

They  should  be  provided  with  a  wire  netting 
(having  a  mesh  not  exceeding  one  and  one-fourth 
inches)  around  the  globe,  and  an  approved  spark 
arrester  when  readily  inflammable  material  is  in  the 
vicinity  of  the  lamps,  to  prevent  escape  of  sparks  of 
carbon  or  melted  copper.  It  is  recommended  that 
plain  carbons,  not  copper-plated,  be  used  for  lamps 
in  such  places. 

Outside  arc  lamps  should  be  suspended  at  least 
eight  feet  above  sidewalks.  Inside  arc  lamps  should 
be  placed  out  of  reach  or  suitably  protected. 

Arc  lamps,  when  used  in  places  where  they  are 
exposed  to  flyings  or  easily  inflammable  material, 


should  have  the  carbons  enclosed  completely  in  a 
tight  globe  in  such  manner  as  to  avoid  the  necessity 
for  spark  arresters. 

''Enclosed  arc"  lamps,  having  tight  inner  globes, 
may  be  used  in  such  places. 


Special  Wiring  for  damp  places  such  as  breweries, 
packing  houses,  stables,  dye  houses,  paper  or  pulp 
mills,  or  buildings  specially  liable  to  moisture  or 
acid  or  other  fumes  Hable  to  injure  the  wires  or  their 
insulation,  except  where  used  for  pendants  should 
always  be  done  with  approved  rubber  covered  wire, 
and  rigidly  supported  on  porcelain  or  glass  insula- 
tors which  separate  the  wires  at  least  one  inch  from 
the  surface  wired  over  and  must  be  kept  apart  at 
least  two  and  one-half  inches.  The  wire  in  such 
damp  places  should  contain  no  splices  as  it  is  almost 
impossible  to  tape  a  splice  that  will  prevent  acid 
fumes  from  getting  at-  the  copper  surface. 

Wood  Moulding  Work  should  always  be  done  with 
approved  r,ubber-covered  wire  to  prevent  leakage 
should  the  moulding  become  damp. 

This  class  of  work  should  never  be  done  in  con- 
cealed or  damp  places  for  fear  that  water  may  soak 
into  the  wood  and  cause  leakage  of  current  between 
the  wires,  burning  the  wood  and  starting  a  fire.  The 
action  of  the  current  in  a  case  like  this  is  to  very 
gradually  convert  the  wood  into  charcoal,  then  dry 
the  water  out  and  ignite  the  charcoal  thus  formed. 
Great  care  should  be  observed  in  driving  nails  into 
moulding  in  order  to  avoid  puncturing  the  insula- 
tion, and  possibly  grounding  the  circuit  in  a  way 
that  would  not  only  be  difficult  to  locate,  but  might 


caust  a  concealed  fire  back  of  the  plastering  or  wood 
work  to  which, the  moulding  is  attached. 

Wood  Moulding  should  be  made  of  hard  wood  and 
should  be  made  of  two  pieces,  a  backing  and  cap- 
ping, so  constructed  as  to  thoroughly  encase  the 
wire.  It  should  provide  a  one-half  inch  tongue  be- 
tween the  conductors  and  a  solid  backing,  which 
under  the  grooves  should  not  be  less  than  three- 
eighths  of  an  inch  and  on  the  sides  not  less  than 
one-fourth  of  an  inch  in  thickness  and  be  able  to 
give  suitable  protection  from  abrasion. 

Metal  Moulding  should  be  of  approved  make, 
should  be  constructed  of  iron  or  steel  with  backing 
at  least  .050  inch  in  thickness,  and  with  capping  not 
less  than  .040  inch  in  thickness,  and  so  construc- 
ted that  when  in  place  the  raceway  will  be  entirely 
closed,  and  be  thoroughly  galvanized  or  coated  with 
an  approved  rust  preventative  both  inside  and  out 
to  prevent  oxidation. 


National   Metal   Molding. 

Elbows,  couplings  and  all  other  similar  fittings  should 
be  constructed  of  at  least  the  same  thickness  and  quality 
of  metal  as  the  moulding  itself,  and  so  designed  that  they 
will  both  electrically  and  mechanically  secure  the  differ- 
ent sections  together  and  maintain  the  continuity  of  the 
raceway.  The  interior  surfaces  should  be  free  from  burrs 
or  sharp  corners  which  might  cause  abrasion  of  the  wire 
coverings. 

All  outlets  should  be  so  arranged  that  the  con- 
ductors cannot  come  in  contact  with  the  edges  of  the 
metal,  either  of  capping  or  backing.  Specially  de- 
signed   fittings    which    will    interpose    substantial    bar- 
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riers  between  conductors  and  the  edges  of  metal  are 
recommended. 

When  backing  is  secured  in  position  by  screws  or 
bolts  from  the  inside  of  the  raceway,  depressions 
should  be  provided  to  render  the  heads  of  the  fasten- 
ings flush  with  the  moulding. 

Metal  mouldings  should  be  used  only  for  exposed 
work,  should  not  be  used  for  circuits  requiring  more 
than  660  watts  of  energy,  and  should  be  so  con- 
structed as  to  form  an  open  raceway  to  be  closed 
by  the  capping  or  cover  after  the  wires  are  laid  in. 

No  moulding  work,  with  either  metal  or  wood, 
should  ever  be  done  in  damp  or  concealed  places,  or 
when^the  difference  of  potential  between  any  two 
wires  in  the  same  moulding  is  over  300  volts ;  metal 
mouldings  should  not  be  used  for  circuits  requiring 
more  than  660  watts  of  energy.  Alternating  current 
circuits  should  have  their  two  or  more  wires  run  in 
'he  same  metal  moulding  for  inductive  reasons. 


"Lutz"  Metal  Molding. 

Concealed  Wiring  or  that  which  is  to  be  run  be- 
tween walls  and  floors  and  through  joists,  should  al- 
ways be  done  with  approved  rubber-covered  wire, 
and  should  be  rigidly  supported  on  porcelain  or  glass 
insulators  which  will  separate  the  wires  at  least  one 
inch  from  the  surface  wired  over,  and  the  wires  kept 
at  least  five  inches  apart,  and  where  it  is  possible 
wires  should  be  run  singly  on  separate  timbers  or 
joists.    The  following  is  a  list  of  approved  flexible 

7t 


conduits:  —  ''Alphaduct,"  "Braiduct,"  "Circular 
Loom,"  "Flexduct"  and  ''Wireduct." 

The  wires  should  be  separated  from  contact  with 
the  walls,  floor  timbers  and  partitions  through  which 
they  may  pass  by  non-combustible,  non-absorptive 
insulating  tubes,  such  as  glass  or  porcelain. 

Rigid  supporting  requires,  under  ordinary  condi- 
tions, where  wiring  along  flat  surface,  supports  at 
least  every  four  and  one-half  feet.  If  the  wires  are 
liable  to  be  disturbed  the  distance  between  supports 
should  be  shortened. 

At  distributing  centers,  outlets  or  switches  where 
space  is  limited  and  the  five-inch  separations  cannot 
be  maintained,  each  wire  must  be  separately  en- 
cased in  a  continuous  length  of  approved  flexible 
tubing. 

Wires  passing  through  timbers  at  the  bottom  of 
plastered  partitions  should  be  protected  by  an  addi- 
tional tube  extending  at  least  four  inches  above  the 
timber. 

When  in  a  concealed  knob  and  tube  system,  it  is 
impracticable  to  place  the  whole  of  a  circuit  on  non- 
combustible  supports  of  glass  or  porcelain,  that  por- 
tion of  the  circuit  which  cannot  be  so  supported 
should  be  installed  with  approved  metal  conduit,  or 
approved  armored  cable  except  that  if  the -difference 
of  potential  between  the  wires  is  not  over  300  volts, 
and  if  the  wires  are  not  exposed  to  moisture,  they 
may  be  fished  if  separately  encased  in  approved  flex- 
ible tubing,  extending  in  continuous  lengths  from 
porcelain  support  to  porcelain  support,  from  porce- 
lain support  to  outlet,  or  from  outlet  to  outlet. 

Wires  should  at  all  outlets,  except  where  conduit 


is  used,  be  protected  by  approved  flexible  insulating 
tubing,  extending  in  continuous  lengths  from  the 
last  porcelain  support  to  at  least  one  inch  beyond  the 
outlet.  In  the  case  of  combination  fixtures  the  tubes 
should  extend  at  least  flush  with  outer  end  of  gas 
cap. 

It  is  recommended  but  not  required  that  approved 
outlet  boxes  or  plates  be  installed  at  all  outlets  in 


Approved  Insulated  Metal  Conduit. 

concealed  "knob  and  tube"  work,  the  wires  to  be 
protected  by  approved  flexible  insulating  conduit, 
extending  in  continuous  lengths  from  the  last  por- 
celain support  into  the  box. 

Insulated  Metal  Conduits — (Specifications)  The 
metal  covering  or  pipe  should  le  of  sufficiei:t  thick- 
ness to  resist  penetration  by  nails,  etc.,  or  the  same 
thickness  as  ordinary  gas  pipe  of  the  same  size. 

They  should  not  be  seriously  affected  externally 
by  burning  out  a  wire  inside  the  tube  when  the  iron 
pipe  is  connected  to  one  side  of  the  circuit. 

The  insulating  lining  should  be  firmly  attached 
to  the  pipe,  and  should  not  crack  or  break  when  a 
length  of  conduit  is  uniformly  bent  at  a  tempera- 
ture of  212  degrees  Fahrenheit,  to  ?*:  angle  of  90 
degrees,  with  a  curve  having  a  radiu*,  of  15  inches, 
for  pipes  of  one  inch  or  less,  and  fifteen  times  the 
diameter  of  the  pipe  for  larger  sizes. 

The  insulating  lining  should  not  soften  injuri- 
ously at  a  temperature  below  212  degrees  Fahren- 


heit,  and  should  leave  water  in  which  it  has  been 
boiled  practically  neutral. 

The  insulating  lining  should  be  at  least  one-thirty- 
second  of  an  inch  in  thickness,  and  the  materials  of 
which  it  is  composed  should  be  of  such  a  nature  as 
will  not  have  a  deteriorating  effect  on  the  insulation 
of  the  conductor,  and  be  sufficiently  tough  and  tena- 
cious to  withstand  the  abrasion  test  of  drawing  in 
and  out  of  some  long  lengths  of  conductors. 

The  insulating  lining  should  not  be  mechanically 
weak  after  three  days'  submersion  in  water,  and, 
when  removed  from  the  pipe  entire,  should  not  ab- 
sorb more  than  ten  per  cent,  of  its  weight  of  water 
during  lOO  hours  of  submersion. 

All  elbows  should  be  made  for  the  purpose,  and 
not  bent  from  lengths  of  pipes.  The  radius  of  the 
curve  of  the  inner  edge  of  any  elbow  should  not  be 
less  than  three  and  one-half  inches. 

There  should  not  be  more  than  the  equivalent 
of  four  quarter  bends  from  outlet  to  outlet,  the 
bends  at  outlets  not  being  counted. 

Each  length  of  conduit,  whether  insulated  or  un- 
insulated should  have  the  maker's  name,  initials  or 
trade  mark  stamped  in  the  metal  or  attached  to  it  in 
some  satisfactory  manner,  so  that  it  may  be  readily 
seen,  and  thus  possible  to  place  the  responsibility  for 
pieces  not  up  to  standard.  The  approved  make  of 
insulated  metal  conduit  is  "Sprague." 

TTninsulated  Metal  Conduits  or  plain  iron  or  steel 
pipes  may  be  used  instead  of  the  insulated  metal 
conduits,  if  made  equally  as  strong  and  thick  as  the 
ordinary  form  of  gas  pipe  of  the  same  size,  provided 
their  interior  surfaces  are  smooth  and  free  from 
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burrs.  The  pipe  should  be  galvanized,  or  the  inner  sur- 
faces coated  or  enameled  to  prevent  oxidization  with  some 
substance  which  will  not  soften,  so  as  to  become  sticky 
and  prevent  the  wire  from  bemg  withdrawn  from  the  pipe. 
Elbows  must  be  made  for  the  purpose  and  not  bent  from 
lengths  of  pipe.  The  radius  of  curves  and  number  of 
bends  from  outlet  to  outlet  should  be  the  same  as  given 
under  Insulated  Metal  Conduits. 

The  recommended  makes  of  uninsulated  metal  conduits  are  as 
follows:  "American,"  "Armorduct,"  "Economy,"  "Electroduct," 
"Galvaduct,"  "Greenfield  Flexible  Steel,"  "Harveyduct,"  "Interior- 
duct,"  "Loricated,"  "Navalite,"  "Sherarduct,"  "Sterling  Flexible 
Steel"  and  "Flexsteel." 


Approved  Uninsulated   Metal   Conduits. 

This  bare  iron  or  steel  pipe  should  never  contain  any 
but  a  special  extra  insulated  wire  as  described  un- 
der the  following  heading : 

Conduit  Wire  for  Insulated  Metal  Conduit,  whether 
single  or  twin  conductors, -should  be  standard  rub- 
ber-covered wire  as  described  on  page  64,  and  where 
concentric  wire  is  used  in  Insulated  Metal  Conduits, 
it  should  have  a  braided  covering  between  the  outer 
conductor  and  the  insulation  of  the  inner  conductor, 
and,  in  addition  should  comply  with  and  be  able  to 
withstand  the  test  of  standard  rubber-covered  wire. 

Conduit  Wire  for  Uninsulated  Metal  Conduits 
should  not  only  have  a  standard  rubber  insulation 
as  required  for  Insulated  Metal  Conduits,  but  in 
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addition  should  have  a  second  outer  fibrous 
braid  of  at  least  one-thirty-second  of  an  inch 
in  thickness,  and  sufficiently  tenacious  to  withstand 
the  abrasion  of  being  hauled  through  the  metal  con- 
duit. When  concentric  conductors  are  to  be  used  in 
uninsulated  metal  conduits  they  should  not  only 
comply  with  the  requirements  when  used  in  insulated 
metal  conduits,  but  in  addition  should  also  have  a 
second  outer  fibrous  covering  at  least  one-thirty- 
second  of  an  inch  in  thickness  and  sufficiently  tena- 
cious to  withstand  the  abrasion  of  being  hauled 
through  the  metal  conduit.  The  tape  or  braid  re- 
quired around  each  conductor  for  this  class  of  work 
is  intended  to  hold  the  rubber  insulation  in  place 
and  prevent  jamming  and  flattening.  All  such 
braids  should  be  properly  saturated  with  a  preserv- 
ative compound. 

Interior  Conduit  Installation.  All  conduits  should 
be  continuous  from  one  junction  box  to  another,  or 
to  fixtures,  and  the  conduit  tube  should  properly 
enter  all  fittings,  otherwise  the  conductors  are  not 
perfectly  protected,  and  water  is  much  more  liable 
to  gain  an  entrance  into  the  conduit.  No  conduit 
with  an  inside  diameter  of  less  than  five-eighths 
of  an  inch  should  be  used'. 

The  entire  conduit  system  for  a  building  should 
be  completely  installed  before  a  single  wire  is 
drawn  in,  and  all  ends  of  conduits  should  be  firmly 
secured  to  their  terminal  fittings,  junction  boxes, 
outlet  boxes,  plates  or  *'condulets."  (See  p.  119.) 

The  metal  of  every  conduit  system  should  be 
eflfectually  and  permanently  grounded.  The  conduit 
is  likely  to  be  more  or  less  grounded,  and  a  positive 
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ground  is  necessary  for  the  same  reason  that  a  posi- 
tive ground  is  required  for  generator  frames  when 
it  is  impossible  to  perfectly  insulate  them. 

Conduit  Wiring.  The  reason  why  standard  rub- 
ber covered  wire,  and  not  weatherproof,  should  be 
used  in  conduits,  is  that  the  best  possible  insulation 
is  desirable  for  this  class  of  work,  as  the  insulating 
lining  of  the  conduit  may  be  defective  in  places,  and 
there  is  possibility  of  dampness  getting  into  the 
conduit. 

No  wires  should  be  drawn  in  until  all  mechanical 
work  on  the  building  is  done. 

Crrcuits  of  different  systems  should  not  be  drawn 
in  the  same  conduit. 

For  alternating  systems,  the  two  or  more  wires 
of  a  circuit  should  be  drawn  in  the  same  conduit  in 
order  to  avoid  trouble  from  inductive  losses,  which, 
under  certain  conditions,  would  cause  a  heating  of 
the  iron  conduit  to  a  dangerous  degree.  This  and 
other  troubles  from  induction  become  very  much 
less  if  the  wires  are  in  the  same  conduit. 

In  case  of  service  connections  and  main  runs,  this 
involves  running  each  conduit  continuously  into  a 
main  cut-out  cabinet  or  gutter,  surrounding  the 
panel  board,  as  the  case  may  be. 

Outlet  plates  should  not  be  used  where  it  is 
practicable  to  install  outlet  boxes. 

The  outlet  box  or  plate  should  be  so  installed  that 
it  will  be  flush  with  the  finished  surface,  and  if  this 
surface  is  broken  it  should  be  repaired  so  that  it  will 
not  show  any  gaps  or  open  spaces  around  the  edge 
of  the  outlet  box  or  plate. 

In  buildings  already  constructed  where  the  condi- 
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tions  are  such  that  neither  outlet  box  nor  plate  can 
be  installed,  these  appliances  may  be  omitted  by 
special  permission  of  the  Inspection  Department 
having  jurisdiction,  providing  the  conduit  ends  are 
bushed  and  secured. 

Metal  conduits  where  they  enter  junction  boxes, 
and  at  all  other  outlets,  etc.,  should  be  provided 
with  approved  bushings  fitted  so  as  to  protect  wire 
from,  abrasion,  except  when  such  protection  is 
obtained  by  the  use  of  approved  nipples,  properly 
fitted  in  boxes  or  devices. 

Even  in  direct  current  work  it  is  advisable  to 
place  the  two  or  more  wires  of  a  circuit  in  the  same 
conduit,  as  in  so  doing  the  direct  current  may  be 
changed  for  the  alternating  current  without  the 
necessity  of  re-wiring,  which  would  be  necessary  if 
only  a  single  wire  were  placed  in  a  conduit  just 
large  enough  to  accommodate  it. 

Conductors  in  vertical  conduit  risers  should  be 
supported  within  the  conduit  system  in  accordance 
with  the  following  table: — 

No.  14  to  o  every  icx)  feet. 

No.  00  to  0000  every  80  feet. 

0000  to  350,000  C.  M.  every  60  feet. 

350,000  C.  M.  to  500,000  C.  M.  every  50  feet. 

500,000  C.  M.  to  750,000  C.  M.  every  40  feet. 

750,000  C.  M.  every  35  feet. 

A  turn  of  90  degrees  in  the  conduit  system  will 
constitute  a  satisfactory  support,  as  per  above  table. 

The  following  methods  of  supporting  cables  are 
recommended : — 

I.  Junction  boxes  may  be  inserted  in  the  conduit 
system  at  the  required  intervals,  in  which  insulating 
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supports  of  approved  type  must  be  installed  and 
secured  in  a  satisfactory  manner  so  as  to  withstand 
the  weight  of  the  conductors  attached  thereto,  the 
boxes  to  be  provided  with  proper  covers. 

2.  Cables  may  be  supported  in  approved  junction 
boxes  on  two  or  more  insulating  supports  so  placed 
that  the  conductors  will  be  deflected  at  an  angle  of 
not  less  than  90  degrees,  and  carried  a  distance  of 
not  less  than  twice  the  diameter  of  the  cable  from 
its  vertical  position.  Cables  so  suspended  may  be 
additionally  secured  to  these  insulators  by  tie  wires. 

Fixtures  should,  when  supported  from  the  gas 
piping  of  a  building,  be  insulated  from  the  gas 
pipe-system  by  means  of  approved  insulating  joints 
(see  page  96)  placed  as  close  as  possible  to  the 
ceiling,  and  the  wires  near  the  gas  pipe  above  the 
insulating  joint  should  be  protected  from  possible 
contact  by  the  use  of  porcelain  tubes. 

All  burrs  or  fins  should  be  removed  from  the  fix- 
tures before  the  wires  are  drawn  in.  The  tendency 
to  condensation  within  the  pipes  should  be  guarded 
against  by  sealing  the  upper  end  of  the  fixture. 

In  combination  fixtures,  where  the  wiring  is  con- 
cealed between  the  inside  pipe  and  outer  casing,  the 
space  between  pipe  and  casing  should  be  at  least  a 
quarter  of  an  inch  to  allow  plenty  of  room  for  the 
insulation  of  the  wires  without  jamming. 

Fixtures  should  be  tested  for  "contacts"  between 
conductors  and  fixtures,  for  "short-circuits"  and  for 
ground  connections  before  it  is  connected  to  its  sup- 
ply conductors. 

Ceiling  blocks  of  fixtures  should  be  made  of  insu- 
lating material ;  if  not,  the  wires  in  passing  through 
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the  plate  should  be  surrounded  by  porcelain  tubes, 
which  should  extend  below  the  insulating  joint. 

When  fixtures  have  canopies  against  plaster  in 
fireproof  buildings,  or  where  wire  lath  or  metal 
ceiling  or  metal  wall  finish  is  used,  the  canopies 
should  be  thoroughly  and  permanently  insulated 
from  such  walls  or  ceilings  by  approved  canopy 
insulators.    See  illustration  on  page  96. 

Rosettes.  These  fittings  should  not  be  located 
where  inflammable  flyings  or  dust  will  accumulate 
on  them.  Bases  should  be  high  enough  to  keep 
the  wires  and  terminals  at  least  one-half  inch  from 
the  surface  to  which  the  rosette  is  attached. 

Terminals  with  a  turned  up  lug  to  hold  the  wire 
or  cord  shrould  be  used,  and  in  no  case  must  the 
wire  be  cut  or  injured.  Fused  rosettes  are  not  ad- 
vised for  use  where  cords  can  be  properly  pro- 
tected by  line  cut-outs,  and  where  necessary  those 
equipped  with  enclosed  fuses  are  recommended.  If 
fused  rosettes  are  Used  the  next  fuses  back  should 
not  be  over  25  amperes  capacity. 

Fixture  Wiring  should  be  done  with  approved 
fixture  wire,  either  soHd  or  stranded,  which  has  a 
solid  insulation  with  a  slow-burning,  tough,  outer 
covering,  the  whole  at  least  one-thirty-second  of 
an  inch  in  thickness,  and  having  an  insulation  re- 
sistance between  conductors,  and  between  either 
conductor  and  the  ground,  of  at  least  one  megohm 
per  mile.  The  voltage  should  never  exceed  300  on 
wires  in  fixtures. 

Although  No.  18  (B.  &  S.  gauge)  is  allowable  in 
fixture  work,  it  is  never  advisable  to  use  smaller 
than  No.  16  for  mechanical  reasons.     Supply  con- 


ductors,  and  especially  the  splices  to  tixture  wires, 
should  be  kept  clear  of  the  grounded  part  of  gas 
pipes,  and  where  shells  are  used  the  latter  should 
have  area  enough  to  prevent  pressing  the  wires 
against  the  gas  pipe  when  finally  in  place.  Where 
fixtures  are  wired  on  the  outside  it  is  advisable  to 
use  cord  for  attaching  the  wires  to  the  fixture,  and 
not  short- bits  of  wire,  as  the  latter  might  produce 
a  short  circuit  or  ground. 

Flexible  Cord  should  be  made  of  stranded  coppei 
conductors,  no  single  strand  should  be  larger  thai. 
No.  26  or  smaller  than  No.  30  (B.  &  S.  gauge) 
and  each  conductor  should  be  covered  by  an  ap- 
proved insulation  and  be  protected  from  mechanical 
injury  by  a  tough  braided  outer  covering.  When 
used  for  pendant  lamps  it  should  hang  freely  in 
air  and  so  placed  that  there  is  no  chance  of  its 
coming  in  contact  with  anything  excepting  the 
lamp  socket  to  which  it  is  attached  and  the  rosette 
from  which  it  hangs.  Each  stranded  conductor 
should  have  a  carrying  capacity  equivalent  to  not 
less  than  a  No.  18  (B.  &  S.  gauge)  wire.  The  cov- 
ering of  the  stranded  wires  for  flexible  cord  should 
first  have  a  tight,  close  wind  of  fine  cotton,  which 
is  intended  to  prevent  any  broken  strand  from 
piercing  the  insulation  and  causing  a  short  circuit 
or  ground.  Secondly  it  should  have  a  solid  water- 
proof insulation  at  least  one-thirty-second  of  an 
inch  thick  and  should  show  an  insulation  resistance 
of  50  megohms  per  mile  throughout  two  weeks' 
submersion  in  water  at  70  degrees  Fahrenheit.  The 
outer  protecting  braiding  should  be  so  put  on  and 
sealed  in  place  that  when  cut  it  will  not  fray  out. 
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Approved  flexible  cord  may  be  had  from  any  of 
the  makers  mentioned  on  pages  64  and  65. 

Flexible  cord  should  not  be  used  as  a  support  for 
clusters,  as  it  is  not  strong  enough,  and  it  should 
never  be  used  for  anything  other  than  pendants, 
wiring  of  fixtures  and  portable  lamps,  portable 
motors  or  small  light  electrical  apparatus.  Where 
used  for  "portables"  it  should  have  a  special  outer 
covering. 

Flexible  cord  should  never  be  used  in  show  win- 
dows, as  a  defective  piece  might  cause  a  short  cir- 
cuit and  set  fire  to  flimsy  material  or  decorations. 
Many  fires  have  been  caused  by  the  use  of  flexible 
cord  in  show  windows,  where  handkerchiefs,  deco- 
rations, etc.,  have  been  pinned  to  the  cord.  When 
the  current  is  "turned  on"  short  circuits  are  caused 
by  the  pins,  and  a  fire  is  the  result.  But  the  steel- 
armored  Flexible  Cords  made  by  the  Sprague  Elec- 
tric Company  and  the  National  Metal  Molding 
Company  are  permitted. 

Insulating  bushings  should  be  used  where  cords 
enter  lamp  sockets  and  desk  stand  lamps. 

Flexible  cord  should  be  so  suspended  that  the 
entire  weight  of  the  socket,  lamp  and  shade  will  be 
borne  by  knots  under  the  bushing  in  the  socket,  and 
above  the  point  where  the  cord  comes  through  the 
ceiling  block  or  rosette,  in  order  that  the  strain 
may  be  taken  from  the  joints  and  binding  screws. 
It  is  good  practice  to  always  solder  the  ends  of 
flexible  cords  which  are  going  under  binding 
screws,  as  it  holds  the  strands  together  and  pre- 
vents the  pressure  of  the  screws  from  forcing  the 
strands  from  under  them,  and  against  the  shell  of 
the  socket,  causing  a  ground  shell,  or  short  circnit. 


Where  it  becomes  necessary  to  solder  a  great 
number  of  ends,  as  may  be  required  when  wiring  a 
factory,  use  a  small  pot  of  melted  solder  and  dip  the 
ends  of  the  wire,  which  have  all  been  previously 
cut  to  the  proper  length  and  fluxed  with  a  good 
soldering  paste  or  solution. 

Standard  Lamp  Sockets  should  be  plainly  marked 
fifty  candle-power,  250  volts,  or  250  w.,  250  v.,  and 


Waterproof  Keyless  Socket  to  be  used  in 
dye  houses  and  damp  places. 

with  either  the  manufacturer's  name  or  registered 
trade  mark.  The  inside  of  the  shell  of  the  socket 
should  have  an  insulating  lining  which  should  abso- 
lutely prevent  the  shell  from  becoming  a  part  of 
the  circuit  even  though  a  wire  or  strand  inside  the 
socket  should  become  loose  or  come  out  from  under 
a  binding  screw.  This  insulating  lining  should  be 
at  least  one-thirty-second  of  an  inch  thick  and  of  a. 
tough  and  tenacious  material. 

Special  Lamp  Sockets.     In  rooms  where  inflam- 
mable gases  may  exist,  both  the  socket  and  lamp 
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should  be  enclosed  in  a  vapor-tight  globe  and  sup- 
ported on  a  pipe-hanger  and  wired  with  ''Rubber- 
Covered"  wire,  soldered  directly  to  the  circuit.  No 
fuses  or  switches  of  any  sort  should  be  used  in  the 
room  in  such  cases  as  the  slightest  arc  might  pro- 
duce dangerous  explosions  or  fires. 

In  damp  or  wet  places,  such  as  dye  houses 
breweries,  etc.,  a  water-proof  socket  such  as  shown 
on  page  91,  should  be  used.  Water-proof  sockets 
should  be  hung  by  separate  stranded  rubber-cov- 
ered wires,  not  smaller  than  No.  14  (B.  &  S.) 
These  wires  should  be  soldered  direct  to  the  circuit 
wires,  but  supported  independently  of  them.  All 
sockets  for  the  above  conditions  should  be  keyless 

Splicing  should  be  done  as  described  on  page  39, 
in  fact  all  wires,  for  this  class  of  work,  should  be 
joined  in  this  thorough  manner  and  soldered. 

Stranded  Wires  in  every  case  should  be  soldered 
together  before  being  clamped  under  binding 
screws,  and  when  they  have  a  conductivity  greatei 
than  No.  10  (B.  &  S.)  copper  wire,  they  should  be 
soldered  into  lugs.  Stranded  wires  if  not  thus 
stiffened  before  being  clamped  under  binding  posts 
are  liable  to  be  pressed  out  or  easily  worked  loose 
making  a  poor  contact,  which  causes  heating,  a 
possibility  of  arcing  or  a  complete  burn  out.  Des- 
sert approved  solderless  lugs  may  be  used. 

Automatic  Cut-Outs  such  as  circuit  breakers  and 
fuses  should  be  placed  on  all  service  wires  as  neai 
as  possible  to  the  point  where  they  enter  the  build- 
ing, on  the  inside  of  the  walls,  and  arranged  to  cut 
off  the  entire  current  from  the  building. 

The  cut-out  or  circuit  breaker  should  always  be 


the  first  thing  that  the  service  wires  are  connected 
to  after  entering  the  building ;  the  switch  next,  and 
then  the  other  fixtures  or  devices  in  their  order. 
This  arrangement  is  made  so  that  the  cut-out  or 
circuit-breaker  will  protect  all  wiring  in  the  build- 
ing, and  the  opening  of  the  switch  will  disconnect 
all  the  wiring.  (See  cuts  on  pages  32-37.) 


Circuit   Breaker. 

These  automatic  cut-outs  should  not,  however, 
be  placed  in  the  immediate  vicinity  of  easily  ignitible 
stuflf,  or  where  exposed  to  inflammable  gases  or 
dust,  or  to  flyings  of  combustible  material,  as  the 
arcing  produced  whenever  they  break  the  circuit 
might  cause  a  fire  or  explosion.  When  they  are 
exposed  to  dampness  they  should  be  inclosed  in  a 
waterproof  box  or   mounted   on   porcelain   knobs. 


All  cut-outs  and  circuit-breakers  should  be  sup- 
ported on  bases  of  non-combustible  non-absorptive 
insulating  material.  Link  fuses  should  never  be 
used,  they  are  obsolete  and  have  been  the  cause  of 
no  end  of  fires  and  troubles.  Enclosed  fuses  are 
always  preferable. 

Cut-out.s  should  operate  successfully  under  the  most  se- 
vere conditions  they  are  liable  to  meet  with  in  practice,  on 
short  circuits  with  fuses  rated  at  50  per  cent,  above,  and 
with  a  voltage  25  per  cent,  above  the  current  and  voltage 
for  which  they  are  designed.  Circuit  breakers  should  also 
be  designed  to  successfully  operate  under  the  severe  con- 
ditions liable  to  be  met  with  in  practice,  and  when  designed 
to  carry  less  than  100  amperes  must  be  able  to  operate 
successfully  on  a  short  circuit  with  a  supply  system  hav- 
ing a  capacity  of  1,000  amperes.  They  must  also  stand 
2,000  volts  A.  C.  for  one  minute  between  ground  and  live 
metal  parts.  All  cut-outs  and  circuit  breakers  should  be 
plainly  marked,  and  where  it  will  always  be  visible,  with 
the  name  of  the  maker,  and  current  and  voltage  for  which 
the  device  is  designed. 

Cut-outs  or  circuit  breakers  should  be  placed  at 
every  point  where  a  change  is  made  in  the  size  of 
wire,  unless  such  a  device  in  the  larger  wire  will 
protect  the  smaller.  They  should  never  be  placed 
in  canopies  or  shells  of  fixtures,  but  should  be  so 
placed  that  no  set  of  incandescent  lamps,  whether 
grouped  on  one  fixture  or  several  fixtures  or  pend- 
ants, requiring  more  than  660  watts  should  be 
dependent  upon  one  cut-out.  Special  permission 
may  be  given  in  writing  by  the  Inspection  Depart- 
ment having  jurisdiction  in  case  extra  large  or 
special  chandeliers  are  to  be  used.  Fuses  for  cut- 
outs should  not  have  a  capacity  to  exceed  the  carry- 
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ing  capacity  of  the  wire,  and  where  circuit  breakers 
are  used  they  should  not  be  set  more  than  30  per 
cent,  above  the  allowable  carrying  capacity  of  the 
wire,  unless  a  fusible  cut-out  is  also  installed  in  the 
circuit  as  shown  in  the  illustration  on  page  33 
Excepting  on  main  switchboards,  or  where  they  are 
at  all  times  subject  to  expert  supervision,  circuit 
breakers  should  never  be  used  as  a  protection  to  a 
circuit  without  the  additional  use  of  enclosed  fuse 
cut-outs. 

Circuit  breakers  open  at  exactly  the  current  they 
are  set  for  and  instantly,  therefore  it  is  necessary 
to  set  them  considerably  above  the  ordinary  amount 
of  current  required  to  keep  them  from  constantly 
opening  on  slight  fluctuations.  When  this  is  the 
case  a  double-pole  fusible  cut-out  should  be  added 
to  protect  the  wire  from  a  heavy,  steady  current, 
which  may  be  maintained  just  below  the  opening 
point  of  the  circuit  breaker.  The  fuse  requires  a 
little  time  to  heat,  and  would  not  therefore  blow 
out  with  a  momentary  rise  of  current  which  might 
open  the  circuit  breaker  if  set  as  low  as  necessary 
to  protect  the  wire,  which  may  be  of  a  size  only 
large  enough  for  the  figured  amount  of  current 
under  ordinary  conditions  of  operation.  If,  how- 
ever, in  the  case  of  motor-wiring,  the  size  of  wire 
is  25  per  cent,  above  the  figured  size  for  the  motor's 
average  current,  as  it  should  be,  then  the  intro- 
duction of  a  fusible  cut-out  in  addition  to  the  cir- 
cuit breaker  is  unnecessary,  as  is  shown  in  the 
illustration  on  page  34. 

Insulating  Joints  should  be  made  entirely  of  ma- 
terial  that   will    resist   the   action    of   illuminating 
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gases,  and  will  not  give  way  or  soften  under  the 
heat  of  an  ordinary  gas  flame,  or  leak  under  a 
moderate  pressure  and  able  to  withstand  4,000  volts 
for  five  minutes. 

They  should  be  so  arranged  that  a  deposit  of 
moisture  will  not  destroy  the  insulating  eflfect,  and 
should  have  an  insulation  resistance  of  at  least 
250,000  ohms  between  the  gas  pipe  attachments, 
and  be  sufficiently  strong  to  resist  the  strain  they 
will  be  liable  to  be  subjected  to  in  being  installed. 

Insulating   joints    should   not   contain    any   soft 


A  B  C 

A    Mi'.calen    Insulating   Joint.     B    Macallen    Canopy   and    Insulating 
Joint  in  Position.     C  Macallen   Canopy  Insulator. 

rubber  in  their  composition.  The  insulating  mate- 
rial should  be  of  some  hard  and  durable  material 
such  as  mica. 

Insulating  Resistance.  The  wiring  in  any  build- 
ing should  test  free  from  grounds,  i.  e.,  the  com- 
plete installation  should  have  an  insulation  between 
conductors  and  between  all  conductors  and  the 
ground  (not  including  attachments,  sockets,  recep- 
tacles, etc.)  of  not  less  than  the  following: 

Up  to        5  amperes 4,000,000  ohm? 

*'  10        "       2,000,000      " 

♦♦  25        "       800,000      ** 


Up  to     50  amperes 400,cxx)  ohms. 


100 
200 
4CX) 
800 
1,600 


200,000 

100,000 

50,000 

25,000 

and  over. .      12,500 


All  cut-outs  and  safety  devices  in  place  in  the 
above  when  the  tests  are  made. 

Where  lamp  sockets,  receptacles  and  electro- 
liers, etc.,  are  connected,  one-half  of  the  above  will 
be  sufficient.     (See  page  50  for  method.) 

KfiUe  Switches  —  (Specifications).  Hinges  of 
knife  switches  should  not  be  used  to  carry  current 
unless  they  are  equipped  with  spring  washers,  held 
by  locked  nuts  or  pins  so  arranged  that  a  firm  and 
secure  connection  will  be  maintained  at  all  jXDsitions 
of  the  switch  blades  and  unless  they  are  connected 
in  circuit  so  that  the  blades  will  not  be  alive  when 
the  switch  is  open. 

The  bases  of  all  switches  should  be  made  of  non- 
combustible,  non-absorptive  insulating  material, 
such  as  slate,  marble  or  porcelain. 

Switches  for  currents  of  over  25  amperes  should 
be  equipped  with  lugs  firmly  screwed  or  bolted  to 
the  switch  and  into  which  the  conducting  wires 
should  be  soldered.  For  the  smaller  sized  switches 
simple  screws  can  be  employed  provided  they  are 
heavy  enough  to  stand  considerable  hard  usage. 
Holes  for  inserting  screws  for  supporting  the 
switch  should  not  be  placed  between  contacts  of 
opposite  polarity. 
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Pieces  carrying  the  contact  jaws  should  be 
secured  to  the  base  by  at  least  two  screws  or  else 
made  with  a  square  shoulder  or  equipped  with 
dowel  pins  to  prevent  possible  turnings  and  the 
nuts  or  screw  heads  on  the  under  side  of  the  b.ase 
should  be  countersunk  not  less  than  one-eighth 
inch  and  covered  with  a  waterproof  compound 
which  will  not  melt  below  150  degrees  Fahrenheit. 

All  cross-bars  less  than  three  inches  in  length 
should  be  made  of  insulating  material.  Bars  of 
three  inches  and  over  which  are  made  of  metal  to 
insure  greater  mechanical  strength  should  be  suffi- 
ciently separated  from  the  jaws  of  the  switch  to 
prevent  arcs  following  f.rom  the  contacts  to  the 
bar  on  the  opening  of  the  switch  under  any  cir- 
cumstances. Metal  bars  should  preferably  be  cov- 
ered with  insulating  material. 

All  switches  should  have  ample  metal  for  stiffness 
and  to  prevent  rise  in  temperature  of  any  part  of 
over  50  degrees  Fahrenheit  at  full  load,  the  con- 
tacts being  arranged  so  that  a  thoroughly  good 
bearing  at  every  point  is  obtained  with  contact  sur- 
faces advised  for  pure  copper  blades  of  about  one 
square  inch  for  each  50  amperes,;  the  whole  device 
should  be  mechanically  well  made  throughout. 

The  following  table  shows  minimum  break  dis- 
tances and  separation  of  nearest  metal  parts  of 
opposite  polarity  for  different  voltages  and  differ- 
ent currents.  The  values  given  are  correct  for 
switches  to  be  used  on  direct  current  systems  and 
can  therefore  be  safely  followed  in  devices  designed 
for  alternating  currents. 


Minimum  Separation  of         Minimum 
Nearest  Metal  Parts  of  Break- 

125    VOLTS   OR  LESS:  Opposite  Polarity.  Distance. 

For  Switchboards  and  Panel  Boards: — 

10  amperes  or  less 54  inch }4  inch. 

11-30  amperes  i         "    ?4     " 

31-50         "         154     "    I 


For  Individual  Switches: — 

10  amperes  or  less t  inch 54  inch. 

11-30  amperes  i54  "  i 

31-100       "         i}4  "  154 

101-300       "         2H  "  2 

301-600       "         2J4  "  2J^ 

601-1000    "         3  "  2J4 


126  to  250  VOLTS: 
For  all  Switches  :~- 

10  amperes  or  less i  J4  inch i  }4  inch. 

1 1-30  amperes   i  ^  "  i  }4 

31-100       "         254  "  2 

loi^Soo       "         254  "  254 

301-600       "         2}i  "  2J4 

601-1000     "         3  "  254 

For  100  ampere  switches  and  larger,  the  above  spacings  for  250 
volts  direct  current  are  also  approved  for  500  volts  alternating  cur- 
rent. Switches  with  these  spacings  intended  for  use  on  alternating- 
current  systems  with  voltage  above  250  volts  must  be  stamped  with 
the  voltage  for  which  they  are  designed,  followed  by  the  letters 
"A.  C." 

251   TO  600  VOLTS:" 
For  all  Switches: — 

1 0  amperes  of  less 3  J4  inch 3       inch. 

11-35  amperes  4         "    3J4     || 

36-100       "  4}4     "     4 

Auxiliary  breaks  or  the  equivalent  are  recommended  for  switches 
designed  for  over  300  volts  and  less  than  100  amperes,  and  will  be 
required  on  switches  designed  for  use  in  breaking  currents  greater 
than  100  amperes  at  a  pressure  of  more  than  300  volts. 

For  three-wire  Edis«jn  systems  the  separations  and  break  distances 
for  plain  three-pole  knife-switches  must  not  be  less  than  those  re- 
quired in  the  above  taBle  for  switches  desig^ned  for  the  voltage 
between  the  neutral  and  outside  wires. 

Knife  Switches — (Installation).  Switches  should 
be  placed  on  all  service  wires,  either  overhead  or 
underground,  in  a  readily  accessible  place,  as  near 
as  possible  to  the  point  where  the  wires  enter  the 
building. 

Knife  switches  should  always  be  installed  so 
that  the  handle  will  be  up  when  the  circuit  is  closed, 
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so  built  and  arranged  to  cut  off  the  entire  current, 
that  gravity  will  tend  to  open  rather  than  close  the 
switch.  They  should  never  be  single  pole  except 
when  the  circuit  which  they  control  is  carrying  not 
more  than  six  i6-candle-power  lamps  or  their  equiv- 
alent. 

Double-pole    switches   are   always   preferable   to 


An  Approved   Double   Pole  and   Single-Pole   Knife  Switch.     Always 
install  sr  that  the  handle  will  be  up  when  circuit  is  closed. 

single-pole,  as  they  absolutely  disconnect  the  part 
of  the  circuit  out  of  use. 

Flush  Switches.  Where  gangs  of  flush  switches 
are  used,  whether  with  conduit  systems  or  not,  the 
switches  should  be  enclosed  in  boxes  constructed 
Df,  or  lined  with,  fire-resisting  material. 

Where  two  or  more  switches  are  placed  under 
one  plate,  the  box  should  have  a  separate  compart- 
ment for  each  switch.     No  push  buttons  for  bells, 
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gas-lighting  circuits,  or  the  like,  should  be  placed 
in  the  same  wall  plate  with  switches  controlling 
electric  light  or  power  wiring. 

Snap  Switches  like  knife  switches,  should  always 
be  mounted  on  non-combustible,  non-absorptive  in- 
sulating bases,  such  as  slate  or  porcelain,  and  should 
have  carrying  capacity  sufficient  to  prevent  undue 
heating. 

When  used  for  service  switches  they  should  indi- 
cate at  sight  whether  the  current  be  "on"  or  "off." 
Indicating  switches  should  be  used  for  all  work 
to  prevent  mistakes  and  possible  accidents.  The 
fact  thft  lights  do  not  burn  or  the  motor  does  not 
run  is  not  necessarily  a  sure  sign  that  the  current  is 
off. 

Every  switch,  like  every  other  piece  of  electrical 
apparatus,  should  be  plainly  marked  where  it  is 
always  visible  with  the  maker's  name  and  the  cur- 
rent and  voltage  for  which  it  is  designed. 

On  constant  potential  systems,  these  switches^ 
like  knife  switches,  should  operate  successfully  at 
50  per  cent,  overload  in  amperes  with  25  per  cent 
excessive  voltage  under  the  most  severe  conditions 
they  are  likely  to  meet  with  in  practice.  They 
should  have  a  firm  contact,  should  make  and  break 
readily,  and  not  stop  when  motion  has  once  been 
imparted  to  the  handle. 

On  constant  current  systems,  they  should  close 
the  main  circuit  and  disconnect  the  branch  wires 
when  turned  "off";  should  be  so  constructed  that 
they  will  be  automatic  in  actioii,  not  stopping  be- 
tween points  when  started  and  sholild  prevent  an 
arc   between   the   points   under   all   circumstai\  les 
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INCANDESCENT  LAMP  DATA 

CARBON   I.AMPS 


Volts 

Watts 

C   P. 

W.  P.  C. 

Amps. 

Hot  Res. 

52 

10 

2.0 

5.00 

0.192 

271.00 

" 

25 

8.1 

3.06 

0.481 

108.40 

30 

9.3 

3.23 

0.577 

90.20 

" 

50 

16.6 

3.01 

0.962 

54.10 

" 

60 

19.6    • 

3.06 

1.154 

45.08 

100 

33.2 

3.01 

1.925 

27.02 

" 

120 

37.1 

3.24 

2.301 

22.50 

104 

10 

2.0 

5.00 

0.096 

1084.00 

■' 

20 

4.8 

4.15 

0.192 

542.00 

" 

25 

8.1 

3.10 

0  240 

433.50 

30 

9.3 

3.23 

0.288 

36i:  CO 

" 

50 

16.8 

2.97 

0.481 

216.20 

" 

60 

20.2 

2.97 

0.577 

180.40 

" 

100 

33  6 

2.97 

0.962 

108.20 

" 

120 

40.4 

2.97 

1.154 

90.20 

110 

10 

2.0 

5.00 

0.091 

1210.00 

" 

20 

4.8 

4.15 

0.182 

605.00 

" 

25 

8.1 

3.10 

0.227 

485.00 

" 

30 

93 

3.23 

0.273 

403.00 

" 

50 

16.8 

2.97 

0.455 

242.00 

" 

60 

20.2 

2.97 

0  546 

201.80 

" 

100 

33.6 

2.97 

0.910 

121.00 

120 

40.4 

2.97 

1  091 

100  80 

220 

35 

8.0 

4.40 

0.159 

1382 

60 

16.3 

3.69 

0.273 

806 

" 

120 

32.5 

3.69 

0.547 

403 

gemXamps 


volts 

Watts 

C.  P. 

W.  P.  C. 

Amps. 

Hot  Res. 

110 

40 

15.6 

2.56 

0.364 

302.0 

50 

20  0 

2.50 

0.455 

242.0 

60 

24  0 

2.50 

0.546 

201.5 

80 

32.5 

2.46 

0.727 

151.4 

100 

40.7 

2.46 

0.909 

121.0 

•' 

125 

50  8 

2.46 

1.136 

96.8    . 

" 

187.5 

76.2 

2.46 

1.705 

64.5 

" 

250 

101.6 

2.46 

2.272 

48.4 

115 

40 

15.6 

2.56 

0.348 

331.0 

50 

20.0 

2.50 

0.435 

264.5 

" 

60 

24.0 

2.50 

0  522 

220.4 

" 

80 

.^2.5 

2.46 

0.696 

165.4 

100 

40.7 

2.46 

0.870 

132.2 

" 

125 

50.8 

2.46 

1.087 

105.9 

187.5 

76.2 

2.46 

1.630 

70.6 

250 

101.6 

2.46 

2.174 

52.9 

TANTALUM  I.AMPS 


Volts 

WHttS 

C.  P. 

W.  P.  C. 

Amps. 

Hot  Res. 

V.o 

25 
40 
50 
80 

12.7 
22.3 
27.9 
44.6 

1.97 
1.79 
1.79 
1.79 

0  228 
0.364 
0.455 
0.727 

4«2.0 
302.0 
242.0 
151.4 
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Tantalum  IvAmps.— Continued 


Volts 

W&tts 

C.  P. 

W.  P.  c. 

Amp.'J. 

Hot  Res. 

115 

25 

40 
50 
80 

12.7 
22.3 
27.9 
44.6 

1.97 
1.79 
1.79 
1.79 

(1.238 
0.348 
0.435 
0.695 

528.0 
331.0 
264.5 
165.5 

220 

50 
80 

25.4 
40.6 

1.97 
1.97 

0.227 
0364 

97 -.0 
605.0 

MAZDA  I^AMPS 


Volts 

Watts 

CP. 

W.  P.  c. 

Amps. 

Hot  Res. 

110 

25      •• 

19.10 

1.31 

0.228 

482.0 

40 

32.50 

1.23 

0.364 

302.0 

60 

■iO.SO 

1.18 

0  546 

201.5 

"    ^— "" 

100 

84.70 

1.18 

0.909 

121.0 

150 

127.00 

1  18 

1.364 

80.7 

250 

222.00 

1.13 

2.272 

48.4 

*' 

400 

354.00 

1.13 

3.640 

30.2 

" 

500 

442.00 

1.13 

4.550 

24.2 

115 

25 

19.10 

1.31 

0.218 

528.0 

" 

40 

32.50 

1.23 

0  348 

331.0 

60 

50.80 

1.18 

0.522 

220.4 

" 

100 

84.70 

1.18 

0.870 

132  2 

" 

150 

127.00 

lis 

1.305 

88.2 

250 

222  00 

1.13 

2.174 

5-' .9 

" 

400 

354.00 

1.13 

3.48) 

330 

■' 

500 

442.00 

1.13 

4.350 

26.4 

220 

45 

30.4 

1.48 

0.204 

1078 

60 

40.5 

1.48 

0.273 

807 

" 

100 

67.6 

1.4S 

0.45^ 

484 

" 

150 

101.4 

1.48 

0681 

323 

" 

500 

407.0 

1.23 

2.272 

%.7 

COOPER  HKWITF  I, AMP  UNITS— DIRECT  CURRENT 


Type 

Walts 

I.enEth   of 
lul'e>^.  in.«. 

Candle 
power 

Watts 
lieicaixlld. 

H    .      .               

192 
385 
.-85 
385 

21" 

2-21"  fa. 

45'^ 

50^' 

300 
600 
700 
800 

.64 

Double  H 

.64 

K       

.55 

p                                              

.48 

AI^TERNATJNG  CURRENT  (60-cycle,  95-l?5  volLs) 


F 400-520  SO' 


750-900         .53-58 


Power  Factor  70%. 


lOf 


The  tables  below  show  tke  variation  in  the  life  and  candle-power 
of  incandescent  lamps  with  various  percentages  of  decrease  and 
increase  of  rated  voltage: 

CARBON    FILAMENT    LAMP    VARIATIONS. 


% 

% 

% 

% 

% 

% 

% 

Volts 

C.  P. 

Amperes 

Ohms 

Watts 

W.P.C. 

I.ife 

10 

69.8 

10.8 

21.9 

28.2 

85.5 

9 

61.4 

9.7 

19.5 

25.9 

82.6 

8 

53  4 

8.5 

17.2 

23.5 

79.0 

M       7 

^  45.6 

a    7.5 

4;   15.0 

ij  21.0 

<l;    74.6 

%      6 

S§  38.2 

S     6.4 

S  12.8 

S  18.4 

^    69.3 

Ji      5 

S  31.1 

t    5.4 

^^ 

t  10.6 

J:  15.7 
Sj  12.8 
P     9.8 

2i    62.7 

I   \ 

o  24.3 
5  17.9 

o     4.2 

S     3.2 

I 

o     8.4 
S     6.3 

^    54.8 
Q    45.1 

2 

11.6 

2.1 

a 

4.2 

6.7 

33.1 

1 

5.7 

1.2 

2.1 

3.4 

18.5 

Normal 

0 

0 

>i 

0 

0 

0 

1 

5.4 

1.2 

S 

2.1 

3.6 

22.5 

2 

10.6 

2.1 

4.1 

7.3 

50.5 

3 

15.5 

3.2 

^ 

6.1 

11.2 

85.3 

S       4 

c^  20  3 
rt  24.8 

cj     4.2 

a: 

8.1 

4j  15.3 

-.  128  9 

S     5 

rt     5.4 

^  10.1 

J§  19.6 

%  180.0 

^      6 

Ji  29  0 

t     64 

b  12.0 

§24.1 

Ji  250.4 

t      7 

t  33.2 

Si     7.4 

^  13.9 
"  15.8 

o  28.8 

o  336.0 

Q       8 

Q  37.1 

Q     8.4 

5  33.8 

5  442.0 

9 

40.7 

9.5 

17.7 

39.0 

578.0 

10 

44.3 

10.7 

19.6 

44.4 

747  0 

METAI,  FlIvAMENT  I. AMP  VARIATIONS 


% Change 

in 
Voliage 

%  c.  p. 

%  Watts 

%  C.  P. 

%  Watts 

%  C.  P. 

%  Watts 

Mazda 

Ma^di 

Tantalum 

Tantalum 

Gem 

Gem 

10 

42.1 

16  4 

49.2 

17.8 

58.0 

18.4 

9 

37.4 

14.7 

43.6 

15.9 

51.3 

16.5 

8 

32.8 

13.0 

38.1 

14.1 

44.7 

14.6 

V      7 

w  28  3 

i>  11.3 

oj     32.9 

12.3 

4;  38.4 

4,  12.7 
S  10.8 

S       6 

^  23.9 

S     9.6 

S     27.8 

c8 

10.5 

S  32.3 
S  26.4 
o  20.7 

§       5 

Ji  19.7 

t     8.0 

<^    22  n 

Si 

h.7 

S     9.0 

o      4 

ii  15.5 

o     6.4 

o     17.8 

o 

6.9 

o     7.2 

S       3 

£  11.5 

5     4.8 

5     13.2 

5.1 

;:.  15.2 

S     5.4 

2 

7.6 

3.2 

8.7 

3.4 

10.0 

3.6 

1 

3.7 

1.6 

4.3 

1.7 

4.9 

1.8 

Normal 

0 

0 

0 

0 

0 

■  0 

1 

3.7 

1.6 

4.2 

1.7 

4.7 

1.8 

2 

7.2 

3.2 

8.3 

3.4 

9.3 

3.6 

3 

10.6 

4.8 

12.0 

5.1 

13.6 

5.3 

CO       5 

^  13.9 

<u     6.4 

4;     15.8 

ll> 

6.8 

V.  17.8 

iK     70 

%  17.2 

rt     8.0 

%     19.3 

-^ 

8.5 

S  21.8 

?     8-7 

Si       6 

Ji  20.4 

t     9.5 

Si     22.9 

.   Si 

10.1 

*i  25.7 

Si  10.4 

'i     7 

i  23.4 

ii  11.0 

i!     26.3 

^ 

11.7 

t  29.4 
Q  33.0 

t  12.1 

a     8 

Q  26.4 

Q  12.5 

Q     29.5 

Q 

13.3 

P  13.8 

9 

29.3 

14.0 

32.7 

14.9 

36.4 

15.5 

10 

32.2 

15.5 

35.8 

16.5 

39.7 

17.1 
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The  illumination  given  by  one  candle  at  a  distance  of  one 
foot  is  called  the  "candle- loot"  and  is  taken  as  a  unit  of 
intensity.  In  general,  intensity  of  illumination  should  no- 
where be  less  than  one  candle-foot,  and  the  demand  for 
light  at  the  present  time  quite  frequently  raises  the  bril- 
liancy to  double  this  amount.  As  the  intensity  of  light 
varies  inversely  with  the  square  of  th'e  distance,  a  i6-can- 
dle-power  lamp  gives  a  candle-foot  of  light  at  a  distance 
of  four  feet.  A  candle-foot  of  light  is  a  good  intensity  for 
reading  purposes. 

Assuming  the  i6-candle-power  lamp  as  the  standard,  it 
is  generally  found  that  two  i6-candle-power  lamps  per  lOO 
square  feet  of  floor  space  give  good  illumination,  three 
very  bright,  and  four  brilliant.  These  general  figures  will 
be  modified  by  the  height  of  ceiling,  color  of  walls  and 
ceiling,  and  other  local  conditions.  The  lighting  effect  is 
reduced,  of  course,  by  an  increased  height  of  ceiling.  A 
room  with  dark  walls  requires  nearly  three  times  as  many 
light§^or  the  same  illumination  as  a  room  with  walls 
painted  white.  With  the  amount  of  intense  light  available 
in  arc  and  incandescent  lighting,  there  is  danger  of  ex- 
ceeding "the  limits  of  effective  illumination  and  produc- 
ing a  glaring  intensity,"  which  should  be  avoided  as  care- 
fully as  too  little  intensity  of  illumination. 

Distribution  considers  the  arrangement  of  the  various 
sources  of  light  and  the  determination  of  their  candle- 
power.  The  object  should  be  to  "secure  a  uniform  bril- 
liancy on  a  certain  plane,  or  within  a  given  space.  A  room 
uniformly  lighted,  even  though  comparatively  dim,  gives 
an  effect  of  much  better  illumination  than  where  there  is 
great  brilliancy  at  some  points  and  comparative  darkness 
at  others.  The  darker  parts,  even  though  actually  light 
enough,  appear  dark  by  contrast,  while  the  lighter  parts 
are  dazzling.  For  this  reason  naked  lights  of  any  kind 
are  to  be  avoided,  since  they  must  appear  as  dazzling 
points,  in  contrast  with  the  general  illumination." 

The  arrangement  of  ihe  lamps  is  dependent  very 
largely  upon  existing  conditions.  In  factories  and  shops, 
lamps  should  be  placed  over  each  machine  or  bench  so  as 
to  give  the  necessary  light  for  each  workman.  In  the 
lighting  of  halls,  public  buildings  and  large  rooms,  excel- 
lent effects  are  obtained  by  dividing  the  ceilings  into 
squares  and  placing  a  lamp  in  the  center  of  each  square. 
The  size  of  square  depends  on  the  height  of  ceiling  and 
the  intensity  of  illumination  desired.  Another  excellent 
method  consists  in  placing  the  lamps  in  a  border  along  the 
walls  near  the  ceiling. 
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For  the  illumination  of  show  windows  and  display  ef 
fects,  care  must  be  taken  to  illuminate  by  reflected  light. 
The  lamps  should  be  so  placed  as  to  throw  their  rays  upon 
the  display  without  casting  afiy  direct  rays  on  the  observer. 

The  relative  value  of  high  candle-power  lamps  in  place 
of  an  equivalent  number  of  i6-candle-power  lamps  is  worthy 
of  notice.  Large  lamps  can  be  efficiently  used  for  lighting 
large  areas,  but  in  general,  a  given  area  will  be  much 
less  effectively  lighted  by  high  candle-power  lamps  than 
by  an  equivalent  number  of  i6-candle-power  lamps.  For 
example,  sixteen  64-candle-power  lamps  distributed  over  a 
large  area  will  not  give  as  good  general  illumination  as 
sixty-four  i6-candle-power  lamps  distributed  over  the  same 
area.  High  candle-power  lamps  are  chiefly  useful  when  a 
brilliant  light  is  needed  at  one  point,  or  where  space  is 
limited  and  an  increase  in  illuminating  effect  is  desired. 

The  relative  value  of  the  arc  and  incandescent  sys- 
tems OF  lighting  is  frequently  difficult  to  determine.  In- 
candescent lamps  have  the  advantage  that  they  can  be  dis- 
tributed so  as  to  avoid  the  shadows  necessarily  cast  by 
one  smgle  source  of  light.  Arc  lamps  used  indoors  witn 
ground  or  opal  globes  cutting  off  half  the  light,  have  an 
efficiency  not  greater  than  two  or  three  times  that  of  an 
incandescent  lamp.  Nine  50- watt,  i6-candie-po\ver  lamps 
consume  the  same  power  as  one  full  450-watt  arc  lamp.  It 
has  been  found  that  unless  an  area  is  so  large  as  to  re- 
quire. 200  or  300  incandescent  lights  distributed  over  it,  arc 
lamps  requiring  equal  total  power  will  not  light  the  area 
with  as  uniform  brilliancy. 

Porcelain  Wiring  Devices. 

Fig.  I,  on  page  107,  shows  weatherproof  lamp  receptacle 
to  be  used  in  damp  places. 

Fig.  2  shows  a  new  form  of  angle  socket  designed  espe- 
cially for  show  window  work  and  may  be  used  in  either 
open  or  concealed  wiring. 

Fig.  3,  an  attachment  plug  for  use  in  carrying  flexible 
cord  to  portable  lamps  or  fan  motors. 

Fig.  4  is  known  as  the  concealed  wall  socket  for  cover- 
ing holes  in  plastered  walls  where  the  wiring  protrudes. 

Fig.    5     illustrates    a    new     form    of    one  -  wire    cleat 


Porcelain   Wiring   Devices. 
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with  projecting  teeth  in  groove  to  prevent  shpping 
of  wire  when  once  rigidly  placed  in  position. 

Fig.  6  shows  an  all  porcelain  pendant  socket. 

Fig.  7,  a  new  type  of  fuseless,  cleat  rosette  for 
pendant  work  in  offices  and  factories. 

Fig.  8  shows  an  extra  special  form  of  porcelain 
tube  to  be  used  in  wiring  through  brick  partitions 
and  walls  and  are  made  in  lengths  up  to  24  inches 
and  in  diameters  up  to  3^  inches. 

Fig.  9  shows  the  proper  form  of  porcelain  tubing 
to  be  used  where  wires  enter  building  with  the 
curved  portion  on  the  outside  and  pointing  down- 
ward, forming  a  rip  loop  in  the  wire,  thus  prevent- 
ing rain  or  moisture  from  entering  the  building 
through  the  tube. 

Fig.  10  shows  a  standard  type  of  two-wire  cleat 
for  ordinary  incandescent  ^amp  wiring  of  this  char- 
acter. 

Fig.  1 1  shows  a  split  tube  which  may  be  inserted 
in  partitions  or  in  places  where  tubing  is  called  for 
without  removing  or  taking  down  a  joj)  of  wiring 
dready  installed.  They  are  also  suitable  for  replac- 
ing broken  tubes  without  removing  the  wire. 

Fig.  12  shows  a  simple  form  of  clamp  ear,  fuseless 
cleat  rosette. 

Fig.  13  is  a  cross  over  tube  to  be  used  where  one 
circuit  crosses  another,  thus  keeping  wires  of  oppo- 
site polarity  rigidly  apart. 

Fig.  14  shows  a  weatherproof  socket  made  en- 
tirely of  porcelain  for  use  in  breweries,  dye  houses 
or  other  damp  places  liable  to  corrode  an  ordinary 
metallic  socket. 

Fig".  T5  shows  a  special  form  of  curved  tube  for 


use  in  outlet  work  to  prevent  the  contact  of  the  cir 
cuit  wires  with  metal  gas  pipe,  a  pair  of  these  insu- 
lators being  placed  on  each  side  of  the  gas  pipe 
above  the  insulating  joint  which  separates  the  elec- 
trical or  combination  fixture  from  the  main  piping. 

Fig.  1 6  is  another  form  of  weatherproof  socket 
but  which  has  a  brass  cap  suitable  for  screwing  on 
to  a  metal  bracket. 

Fuses.  Enclosed  fuses  of  standard  sizes  are  now 
on  the  market  and  are  preferable  to  link  fuses. 
Where  link  fuses  are  used  they  should  have  contact 
surfaces  or  tips  of  harder  metal,  having  perfect  elec- 
trical-tronnection  with  the  fusible  part  of  the  strip. 

The  use  of  the  hard  metal  tip  is  to  afford  a  strong 
mechanical  bearing  for  the  screws,  clamps,  or  other 
devices  provided  for  holding  the  fuse. 

They  should  be  stamped  with  about  80  per  cent,  of 
the  maximum  current  they  can  carry  indefinitely, 
thus  allowing  about  25  per  cent,  overload  before 
the  fuse  melts. 

With  naked  open  fuses,  of  ordinary  shapes,  and 
not  over  5(X)  amperes  capacity,  the  maximum  cur- 
rent which  will  melt  them  in  about  five  minutes  may 
be  safely  taken  as  the  melting  point,  as  the  fuse  prac- 
tically reaches  its  maximum  temperature  in  this  time. 
With  larger  fuses  a  longer  time  is  necessary. 

Fuses  have  been  known  to  blow  out  simply  from 
the  heat  due  to  poor  contact  when  nowhere  near 
their  current-carrying  capacity  had  been  reached. 
They  should  be  so  put  up  and  protected  that  noth- 
ing will  tend  to  rupture  them  except  an  excessive 
flow  of  current.  No  fuse  of  the  larger  sizes  ever 
blew  out  without  causing  a  greater  or  less  fire  risk 
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Fuses  blow  out  or  melt  from  excessive  heat  and 
nothing  else,  and  are  therefore  not  as  instantaneous 
in  their  action  as  a  circuit  breaker,  which  is  con- 
stantly cared  for  and  kept  clean.  Central  stations 
or  large  isolated  plants  subject  to  greatly  varying 
loads  should  have  their  lines  and  generators  pro- 
tected by  both  fuses  and  magnetic  circuit  breakers 
as  a  double  protection  against  excessive  current. 

The  lengths  of  fuses  and  distances  between  ter- 
minals are  important  points  to  be  considered  in  the 


The  above  cut  illustrates  the  manner  in  which  harder 
metal  strips  should  be  attached  to  fuse  wire. 

proper  installation  of  these  electrical  "safety  valves." 
No  fuse  block  should  have  its  terminal  screws  nearer 
together  than  one  inch  on  50  or  lOO-volt  circuits, 
and  one  inch  additional  space  should  always  be  al- 
lowed between  terminals  for  every  100  volts  in  ex- 
cess of  this  allowance.  For  example:  200-volt  cir- 
cuits should  have  their  fuse  terminals  2  inches  apart, 
300  volts  3  inches,  and  500  volts  5  inches.  This 
rule  will  prevent  the  burning  of  the  terminals  on 
all  occasions  of  rupture  from  maximum  current,  and 
this  maximum  current  means  a  "short  circuit."  Good 
contact  is  absolutely  essential  in  the  installation  and 
maintenance  of  fuses.  See  that  the  copper  tips  to 
all  fuses  are  well  soldered  to  the  fuse  wire,  and 
furthermore  see  that  the  binding  screw  or  nut  is 
firmly  set  up  against  this  copper  tip  when  the  fuse 
is  placed  in  circuit ;  a  Too-ampere  fuse  can  be  readily 
"blown"  by  25  amperes  if  the  above  precautions 
no 


are  not  carried  out.  Poor  contact  in  every  case  can 
cause  a  heating  beyond  the  carrying  capacity  of  the 
largest  fuses.  On  the  other  hand,  much  damage  can 
be  done  by  using  too  short  fuses  and  too  large  ter- 
minals, as  the  radiation  of  heat  from  the  short  piece 
of  fuse  wire  to  the  heavy  metal  terminals  and  set 
screws  or  nuts  can  very  easily  raise  the  current 
carrying  capacity  of  a  fuse  designed  to  carry  50  am- 
peres to  100  amperes,  or  even  more.  All  open  link 
fuses  in  every  case,  should  be  placed  in  approved 
Cut-out  Cabinets. 

The  following  table-  shows  the  minimum  break 
distajice  and  the  separation  of  the  nearest  metal 
parts  of  opposite  polarity  for  plain  open  link  fuses 
when  mounted  on  slate  or  marble  bases  for  differ- 
ent voltages  and  for  different  currents : 

Separation  of  nearest 

metal  parts  of  Minimum 

125    VOLTS    OR    LESS.  opposite  polarity.  break  distance. 

10    amperes    or    less ^  inch ^  inch. 

11 — 100  amperes 1         "     H     " 

101—300         "        1         '•     1 

125  TO  250  VOLTS. 

10    amperes    or    less IH     "    lf<     " 

11— 100  amperes 154     "     1J4     '* 

101—300  "        2         "     iVi     " 

Fuse  Terminals  should  be  stamped  with  the  ma- 
ker's name,  initials,  or  some  known  trade-mark. 

Cut-out  Cabinets  should  be  so  constructed,  and 
cut-outs  so  arranged,  as  to  obviate  any  danger  of 
the  molten  fuse  metal  coming  in  contact  with  any 
substance  which  might  be  ignited  thereby. 

A  suitable  box  can  be  made  of  marble,  slate  or 
wood,  strongly  put  together,  the  door  to  close 
against  a  rabbet  so  as  to  be  perfectly  dust  tight,  and 
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it  should  be  hung  on  strong  hinges  and  held  closed 
by  a  strong  hook  or  catch.  If  the  box  is  wood  the 
inside  should  be  lined  with  slate  or  with  sheets  of 
asbestos  board  about  one-sixteenth  of  an  inch  in 
thickness,  neatly  put  on  and  firmly  secured  in  place 
by  shellac  and  tacks.  With  metal  conduit  systems 
the  lining  of  either  the  box  or  the  gutter  should  be 
of  one-sixteenth  inch  galvanized,  painted  or  enam- 
eled steel,  or  preferably  one-quarter  inch  slate  or 
marble. 

The  object  of  the  lining  of  such  cut-out  cabinets 
or  gutters  is  to  render  the  same  approximately  fire- 
proof in  case  of  short  circuit  after  the  wires  leave 
the  protecting  metal  conduits. 

Two  thicknesses  of  1/32  inch  steel  may  be  used 
instead  of  one  of  1/16  inch. 

With  wood  cabinets  the  wood  should  be  thor- 
oughly filled  and  painted  before  the  lining  is  put  in 
place. 

The  Enclosed  Fuse  or  "Cartridge  Fuse"  consists 
of  a  fusible  strip  or  wire  placed  inside  of  a  tubular 
holding  jacket  which  is  filled  with  porous  or  pow- 
dered insulating  material  through  which  the  fuse 
wire  is  suspended  from  end  to  end  and  v^hich  sur- 
rounds the  fuse  wire.  The  wire,  tube  and  filling  are 
made  into  one  complete  self-contained  device  with 
brass  or  copper  terminals  or  ferrules  at  each  end. 
The  fuse  wire  being  soldered  to  the  inside  of  the 
ferrules.  When  an  inclosed  fuse  "blows"  by  excess 
current  or  short  circuit  the  gases  resulting  are  taken 
up  by  the  filling.  Burned  out  fuses  may  be  re- 
turned to  their  makers  for  refilling  at  slight  cost. 
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"D  &  W"  STANDARD  FUSES— 250-22,000  VOLTS 


Ampere 
Capacity 

Type  A 

Type  C 

Knife 

Volts 

Distance 

I^tngth 

Blade 

on  Centres 

Overall 

Contact 

250 

0-6 

2iV' 

2i" 

_ 

250 

7-15 

3  A 

2\ 

— 

>50 

16-30 

3}g 

2\ 

— 

250 

31-60 

4x«e 

3g 

— 

250 

61-125 

5}g 

44 

— 

250 

126-300 

62 

6 

— 

250 

301-500 

62 

6 

— 

500 

0-10 

5/6 

— 

— 

500 

11-25 

61^6 

— 

— 

500 

26-50 

62 

— 

— 

500 

51-125 

7i 

— 

— 

500 

126-iOO 

84 

— 

— 

500 

0-15 

41 

— 

500 

16-30 

— 

5 

— 

500 

31-60 

— 

6 

— 

500 

61-125 

— 

6 

— 

500 

126-300 

— 

62 

— 

500^ 

-  301-5(  0 

— 

63 

— 

2,500 

0-15 

6.J 

5 

10" 

2.500 

16-30 

6i 

5x«e 

10 

2.500 

31-60 

7* 

64 

iOi 

2,500    . 

61-100 

7i 

11 

4,400 

0-20 

— 

— 

14 

6.600 

0-15 

— 

— 

17 

13.200 

0-10 

— 

— 

20 

22.000 

0-5 

— 

~     - 

23 
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3E 
Ivength 

Amperes 

Volis 

i 
Length;    Volts 

0-35 

250 

2'<             600 

5'' 

31-60 

250 

Z" 

fOO 

SV/' 

61-100 

250 

5%''    \       600 

101-200 

250 

7%" 

600 

201-400 

250 

8H" 
10^" 

600 

\zW 

401-600 

250 

600 

E.  Code  St.d. 


m 


m 


N.  E.  Code  Standard  Ferrule  Contact 
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Table  of  Oimensions  of  the 
Standard  Cartridge 


I^C-4l 


-E^^F^EI- 


O-60    AMPERE* 


Form  1.    CARTRIDGE  FUSE— Ferrule  Contact. 


Rated 
Capacity. 

Amperes. 

A 

B 

C 

Voltage.; 

Length 

over 

Terminals. 

Inches. 

Distance 
between 
Contact 

Clips. 

Inches. 

Width 

of 
Contact 

Clips. 
Inches 

0-250 

0-30 
31-6Q 

i    3 

rf 

i 

61-100 
ior-200 
201-400 
401-600 

4 

4^ 
5 
6 

i 

If 

2i 

251-600 

0-30 
31-60 

I    l^ 

4 

4i 

61-100 
101-200 
201-400 

1          9t 

•2        III 

6 

7  • 
8 

i 

If 
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National  Electrical  Code 
Enclosed  Fuse. 


• 

I 

! 

1 

U-^ 

:<• 

G 

<- 

\ 

j 

F 

1 

._I.„. 

r 

'— ' 

^ 

aTVuC    or     TERM1NA.U     row    C'^RT«100C     FUSCS                     | 

61-SOO  AMPCRCS                                                   1 

1 

Form  2.    CARTRIDGE  FUSE~Knife  Blade  Contact. 


D 

E 

F 

G 

Dia.  of  Ferrules 

Min.  Length  of 

Dia. 

Width  of 

Rated 

or  Thickness 

Ferrules  or  of 

of 

Terminal 

Capacity. 

of  Terminal 

Terminal  Blades 

Tube. 

Blades. 

Blades. 

Outside  of  Tube. 

Amperes 

Inches. 

Inches. 

Inches. 

Inches. 

i^e 

i 

e 

0-30 

11 

f 

£ 

31-60 

i 

I 

I 

*  c 

61-100 

fe 

If 

li 

101-200 

i 

li 

2 

201-400 

i 

2i 

2i 

2 

401-600 

it 

* 

1 

0-30 

l/e 

I 

31-60 

i 

I 

li 

f   c>. 

61-100 

i\ 

l| 

If 

li    1 

101-200 

i 

l| 

2i 

if-s 

201-400 

US 


M.W.JOfiNS-MANVll_UE:CO.                                                     U 

NX  C,  STANDARD.                                 I 

n                  ' 

TYrc 

i      - 

rCfWULCL 

"~T  . 

_ 

r- U 

Tvrc    r 

1 

IswiTcn 

CONTACT 

1    ^     L 





T 

VOLTS 

Anra 

A 

D 

c 

D 

C50 

0-30 

e 

•/fe. 

31-GO 

3 

y4 

6H00 

5y& 

1 

0^00 

7!^ 

r/z 

COI-400 

8«/8 

z 

40^600 

10^ 

Vh. 

600 

0-30 

5 

% 

31-GO 

5>fc 

1 

61-100 

7Vf> 

1/4 

lO^OO 

3% 

1^4 

eoh400 

11% 

V/l. 

*NOAn>^-  5TANDA.RD.                             | 

t50 

Ga^oo 

ll>fc 

3 

8OI-IO00 

1^% 

3>^ 

GOO 

AOl^OO 

I3>fe 

3 

omoo 

I4>^ 

3>t 

80H00O 

15% 

A 

C500 

0-30 

10 

1/4 

31-60 

lOVt 

1% 

61-100 

)( 

^ 

4400 

.'/c-CO 

14 

1^4 

G600 

%-\5 

17 

1% 

I3C00 

Vt-lO 

CO 

1% 

iKood 

h-5 

C3 

iy4 

lis 
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ARKLESS"     INDICATING    FUSES 

DETROIT   FUSE   &    MANUFACTURING   CO. 


NATIONAI.  EI.ECTRICAI,   CODE   STANDARD 


250  Volts 


Rated 

Distance 

Distance 

Width 

Capacity. 

Ivength 

CtoC 

between 

of 

Dia. 

over 

Contact 

Contact 

Contact 

of 

Amperes 

Terminals 

Clips 

Clips 

Clips 

Tube 

Inches 

Inches 

Inches 

Inches 

Inches 

0-30 

2 

1>^ 

1 

%      . 

% 

31-60 

3 

2^8 

1% 

^ 

'A 

61-100 

■      5^8 

4^8 

4 

'A 

1 

101-200 

T% 

5^ 

4^ 

IX 

1>^ 

201-400 

8^ 

6K 

5 

IM 

2 

401-600 

10^8 

8>S 

6 

lyi 

2K 

600  Volts 


0-30 

5 

4% 

4 

K 

X 

31-60 

5>^ 

47A 

4X 

>^ 

1 

61-100 

7^8 

6^8 

6 

% 

IX 

101-200 

9>^ 

8X 

7 

IX 

1¥ 

201-400 

11>^ 

914: 

8 

1¥ 

2>^ 
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UNION  "  NON-ARCING  ENCLOSED  FUSES  AND  BLOCKS. 

250-Volt  N.  E.  Code  Standard 


Type  B,  3-60  Amp. 


ffi^-it 


Type  E,  61-1000  Amp. 


Amps. 

A 

B 

c 

D 

E 

F 

G 

3-    30 

2 

1^ 

1 

'A 

^ 

1% 

31-    60 

3 

2% 

IVa. 

K 

Vs 

ii 

61-  100 

5% 

^% 

3% 

1 

1 

5i 

% 

101-  200 

5H 

aH 

iM 

iKs 

k 

201-  400 

8^ 

6H 

4% 

2 

1% 

m 

% 

401-  600 

10% 

SVa 

5% 

2y2 

IVa 

2 

% 

601-  800 

u'A 

8% 

6% 

3 

2% 

2H 

801-1000 

YlVi 

9y2 

6H 

3y2 

2{% 

2H 

H 

600- Volt  > 

[.  B.  Code  Standard 

Amps. 

A 

B 

C          1       D 

E 

F 

ii 

G 

3-    30 

5 

4% 

4 

Va 

% 

31-    60 

5J^ 

4% 

AK 

1 

% 

ll^6 

61-  100 

7% 

6% 

5% 

\Va 

1 

H 

101-  200 

m 

SH 

6% 

m 

iVa 

A 

201-  400 

im 

9K 

7% 

2/^ 

1% 

m 

% 

401-  600 

13% 

11/8 

8% 

3 

2K 

2 

v. 

601-  800 

14'^ 

11% 

9% 

35^ 

25/8 

2H 

Vs 

801-1000 

15H 

12K 

9%       14 

2}i 

2H 

H 

250  VOI,TS. 

250  VOI.TS. 

Cat.  No. 

Amp. 

Description. 

Cat.  No.' 

Amp. 

Description. 

2003 

3-  30 

One  wire  main. 

2014 

61-100 

D'ble  pole, main 

2010 

' ' 

Two  wire  main. 

line. 

2012 

" 

Three  wire  main. 

2015 

61-100 

Tri'lepole.main 

2020 

" 

2  wire,  2  pole,  sin- 

line. 

gle  branch. 

2006 

101-200 

Sing,  pole.main 

2022 

" 

3  wire.  3  pole,  sin- 

line. 

gle  branch. 

2007 

201-400 

Sing,  pole.main 

2025 

2     wire,      2     pole, 

Ijne. 

double  branch. 

2008 

401-600 

Sing,  pole, main 

2029 

3     wire,     3     pole, 
double  branch. 

line. 

2027 

3     wire,     2     pole, 

double  branch. 
One  wire  main. 

2004 

31-60 

600  VOIvTS. 

2011 

" 

Two  wire  main. 

2013 

Three  wire  main. 

4003 

3-  30 

One  wire  main. 

2021 

2  wire,  2  pole,  sin- 

4004 

31-  60 

gle  branch. 

4005 

61-100 

2023 

" 

3  wire.  3  pole,  sin- 

4006 

101-200 

gle  branch. 

4007 

201^MX) 

' ' 

2     wire,     2     pole. 

4008 

401-600 

double  branch. 

" 

3     wire,     3    pole. 

double  branch. 

" 

3     wire,     2     pole. 

double  branch. 

61-100 

Single  pole,    main 
line. 
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A    Few    of   the    Many   Applications    of    "Condulets"    for    Inside    and 
Outside  Wiring. 
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Incandescent  Lamps  in  Series  Circuits  should  be 
wired  with  the  same  precaution  as  for  series  arc 
lighting  and  each  lamp  should  be  provided  with  an 
automatic  cut-out. 

Each  lamp  should  be  suspended  from  an  approved 
hanger  board  by  means  of  a  rigid  tube  to  prevent 
the  wires  from  contact  with  nearby  objects  and  to 
prevent  possibility  of  breaking  the  wires  from  con- 
stant swinging. 

No  electro-magnetic  device  for  switches  and  no 
system  of  multiple-series  or  series-multiple  lighting 
in  this  class  of  work  should  be  used.  Under  no  cir- 
cumstances should  incandescent  lamps  in  series  cir- 
cuits be  attached  to  gas  fixtures,  as  the  high  voltage 
necessarily  employed  in  this  class  of  lighting  should 
be  kept  as  far  as  possible  from  gas  piping,  which  is 
so  thoroughly  grounded  or  likely  to  be. 

When  incandescent  lamps  are  used  for  decorative 
purpose,  as  in  the  case  of  miniature  colored  lamps, 
and  it  is  necessary  to  run  two  or  more  in  series, 
permission  should  always  be  secured,  in  writing, 
from  the  Inspection  Department  having  jurisdiction. 

Arc  Lamps  should  be  carefully  isolated  from  in- 
flammable material,  should  be  provided  at  all  times 
with  a  glass  globe  surrounding  the  arc  arid  securely 
fastened  upon  a  closed  base.  No  broken  or  cracked 
globes  should  be  used,  as  they  are  designed  to  pre- 
vent hot  bits  of  carbon  or  even  an  entire  carbon 
from  falling  to  the  floor  should  it  fall  from  the  car- 
bon holder.  All  globes  for  inside  work  should  be 
covered  with  a  wire  netting  having  a  mesh  not  ex- 
ceeding one  and  one-quarter  inches,  to  retain  the 
pieces  of  the  globe  in  position  should  the  latter  be 
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come  broken  from  any  cause.  A  globe  thus  broken 
should  be  replaced  at  once.  When  arc  lamps  are 
used  in  rooms  containing  readily  inflammable  ma- 
terial they  should  be  provided  with  approved  spark 
arresters,  which  should  be  made  to  fit  so  closely  to 
the  upper  orifice  of  the  globe  that  it  will  be  impossi- 
ble for  any  sparks  thrown  off  by  the  carbons  to  es- 
cape. It  is  safer  to  use  plain  carbon  and  not  cop- 
per-plated ones  in  such  rooms,  or  better  still,  an 
enclosed  arc  lamp,  one  having  its  carbons  enclosed 
in  a  practically  tight  glass  globe  which  is  inside  the 
outer  globe.  Where  hanger-boards  are  not  used  arc 
lamps  should  be  hung  from  insulating  supports  other 
than  their  conductors. 

All  arc  lamps  should  be  provided  with  reliable 
stops  to  prevent  carbons  from  falling  out  in  case 
the  lamps  become  loose,  and  all  exposed  parts  should 
be  carefully  insulated  from  the  circuit.  Each  lamp 
for  constant  current  systems,  should  be  provided 
with  an  approved  hand  switch,  and  also  an  automatic 
switch  that  will  shunt  the  current  around  the  car- 
bons, so  that  the  lamp  will  thus  cut  itself  out  of  cir- 
cuit should  the  carbons  fail  to  feed  properly.  If  the 
hand  switch  is  placed  anywhere  except  on  the  lamp 
itself  it  should  comply  in  every  respect  with  the  re- 
quirements for  switches  on  hanger-boards  as  de- 
scribed under  the  latter  heading. 

Arc  Light  Wiring  (High  Potential.)  All  wiring 
for  high  potential  arc  lighting  circuits  should  be 
done  with  "Rubber  Covered"  wire.  The  wires 
should  be  arranged  to  enter  and  leave  the  building 
through  an  approved  doubled  contact  service  switch 
which  should  close  the  main  circuit  and  disconnect 


the  wires  in  the  building  when  turned  "off"  and  be 
so  constructed  that  they  will  be  automatic  in  their 
action,  not  stopping  between  points  when  started 
and  to  prevent  arcing  between  points  under  any  cir- 
cumstances, and  should  indicate  plainly  whether  the 
current  is  "on"  or  "off."  Never  use  snap  switches 
for  arc  lighting  circuits.  All  arc  light  wiring  of 
this  class  should  be  in  plain  sight  and  never  mclosed, 
except  when  required,  and  should  be  supported  on 
porcelain  or  glass  insulators  which  separate  the 
wires  at  least  one  inch  from  the  surface  wired  over. 
The  wires  should  be  kept  rigidly  at  least  eight  inches 
apart,  except  of  course  within  the  lamp,  hanger 
board  or  cut-out  box  or  switch.  On  side  walls,  the 
wiring  should  be  protected  from  mechanical  injury 
by  a  substantial  boxing,  retaining  an  air  space  of  one 
inch  around  the  conductors,  closed  at  the  top  (the 
wires  passing  through  bushed  holes),  and  extend- 
ing not  less  than  seven  feet  from  the  floor.  When 
crossing  floor  timbers  in  cellars  or  in  rooms,  where 
they  might  be  exposed  to  injury,  wires  should  be 
attached  by  their  insulating  :'.upports  to  the  under 
side  of  a  wooden  strip  not  less  than  one-half  an  inch 
in  thickness. 

Arc  Lamps  on  Low  Potential  Circuits  should  have 
a  cut-out  for  each  lamp  or  series  of  lamps.  The 
branch  conductors  for  such  lamps  should  have  a 
carrying  capacity  about  50  per  cent,  in  excess  of  the 
normal  current  required  by  the  lamp  or  lamps  to 
provide  for  the  extra  current  required  when  the 
lamps  are  started  or  should  a  carbon  become  stuck 
without  over-fusing  the  wires.  If  any  resistance 
coils  are  necessary  for  adjustment  or  regulation. 
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they  should  be  enclosed  in  non-combustible  material 
and  be  treated  as  sources  of  heat;  it  is  preferable 
that  such  resistance  coils  be  placed  within  the  metal 
framework  of  the  lamp  itself.  Incandescent  lamps 
should  never  be  used  for  resistance  devices.  These 
lamps  should  be  provided  with  globes  and  spark  ar- 
resters, as  in  the  case  of  arc  lamps  on  high-potential 
series  circuits,  except  when  the  enclosed  arc  lamps 
are  used. 

Economy  Coils  or  compensator  coils  for  arc  lampv; 
should  be  mounted  on  glass  or  porcelain,  allowing 
an  air  space  of  at  least  one  inch  between  frame  and 
support,  and  in  general  to  be  treated  like  sources  ")f 
heat.  ^' 

Hanger  Boards  should  be  so  constructed  that  all 
wires  and  current-carrying  devices  thereon  will  be 
exposed  to  view  and  thoroughly  insulated  on  non- 
combustible,  non-absorptive  insulating  substance, 
such  as  porcelain. 

All  switches  attached  to  the  hanger-board  should 
be  so  constructed  that  they  will  be  automatic  in  their 
action,  cutting  off  both  poles  to  the  lamp,  not  stop- 
ping between  points  when  started,  and  preventing 
an  arc  between  points  under  all  circumstances. 

Electric  Heaters  should  always  be  treated  as 
sources  of  heat  and  kept  away  from  inflammable 
materials.  Each  heater  should  have  a  cut-out  and 
indicating  switch  and  all  attachments  from  the  feed 
wires  to  the  heater  should  be  kept  in  plain  sight, 
easily  accessible  and  protected  from  interference. 
Each  heater  should  have  a  name  plate  giving  the 
maker's  name,  and  the  normal  capacity  in  volts  and 
amperes. 

128 


Car  House  Wiring.    All  trolley  wires  in  car  houses 

should  be  securely  supported  on  insulating  hangers. 
The  trolley  hangers  should  be  placed  close  enough 
together  to  prevent  the-trolley  wire,  should  it  break 
from  any  cause,  from  coming  in  contact  with  the 
floor  or  rails  within  the  building,  or  even  in  contact 
with  the  ironwork  on  the  trucks  or  wheels  of  the 
car,  as  it  hangs  down.  A  broken  trolley  wire  in  this 
way  would  produce  dangerous  arcing  and  probably 
start  a  fire. 

All  the  wires  in  the  car  house  should  be  con- 
trolled by  a  cut-out  switch,  located  on  a  pole  at  least 
one  hundred  feet  from  the  building,  so  that  in  case 
of  fire  or  for  other  reasons  all  wires  could  be  con- 
trolled from  that  point.  The  current  should  always 
be  cut  out  of  the  car  house  when  the  same  is  not  in 
use  or  the  road  not  in  operation.  All  lamps  and 
stationary  motors  used  in  car  houses  should  be  in- 
stalled in  such  a  way  that  one  main  switch  can  con- 
trol the  whole  of  each  installation  independently  of 
the  main  feeder  switch.  No  portable  incandescent 
lamps  or  twin  wire  should  be  used,  except  in  the  car 
pits,  where  they  may  be  used  when  connections 
are  made  by  two  approved  rubber-covered  flexible 
wires,  properly  protected  against  mechanical  injury, 
and  all  such  pit  wiring  be  controlled  by  a  separate 
switch  for  each  pit  placed  outside  of  the  pit.  All 
wiring  for  lights  or  motors  within  the  car  house 
should  be  with  approved  rubber-covered  wire  and 
supported  on  single  porcelain  or  glass  insulators 
which  separate  the  wires  from  surface  wired  over 
by  one  inch.  No  system  of  feeder  distribution 
should  center  in  the  car  house. 

All  rails  within  the  building  should  be  bonded  at. 


each  joint  with  annealed  copper  wire,  not  smaller 
than  No.  oo  B.  &  S.  gauge. 

When  cars  are  run  in  the  house  they  should  not 
be  left  with  their  tro'.leys  in  contact  with  the  tro^'ey 
wire,  as  frequent  fires  have  been  caused  by  the  liio- 
torman  or  conductor  forgetting  to  turn  off  the  car 
heater  current  or  other  car  wiring,  and  during  the 
course  of  the  night,  or  other  times,  "burn-outs"  have 
occurred,  followed  by  fire  and,  as  once  happened  in 
the  course  of  the  writer's  experience,  the  total  loss 
of  a  large  car  house  and  a  number  of  valuable  cars 
and  other  stock.  Current  from  trolley  systems, 
having  a  grounded  return  wire,  should  never  be 
used  for  any  purpose  in  or  on  buildings  other  than 
car  houses  or  their  power  stations. 

Approved  Apparatus  and  Supplies.  Every  article 
or  fitting  intended  for  use  in  electrical  wiring  or 
construction  or  in  connection  therewith  should,  be- 
fore being  manufactured  or  placed  upon  the  market, 
be  submitted  to  .the  Underwriters'  Laboratories,  382 
Ohio  street,  Chicago,  for  examination  and  report. 
When  such  article  or  device  is  approved  and 
found  safe  and  suitable  for  the  use  intended,  it  is 
placed  on  the  List  of  Electrical  Fittings  issued  semi- 
annually by  the  National  Board  of  Fire  Under- 
writers, for  use  in  accordance  with  the  rules  and 
requirements  of  the  National  Electrical  Code  as 
given  in  the  foregoing  pages  of  this  book. 

Any  new  article,  therefore,  or  modification  of  an 
old  article,  intended  to  be  placed  in  general  elec- 
trical* use,  should  first  be  sent  for  examination  and 
test  to  the  laboratory  of  the  Electrical  Bureau  of  the 
National  Board  of  Fire  Underwriters,  382  Ohio 
street,  Chicago,  III. 
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When  buying  electrical  supplies  of  any  de- 
scription make  sure  that  they  have  been  approved, 
or  that  their  use  will  be  permitted.  If  there  is  anv 
question  about  it,  make  your  supply  dealer,  or  the 
manufacturer  give  you  a  guarantee  that  they  will 
be  approved  by  the  Fire  Underwriters'  Inspector  if 
installed  in  accordance  with  the  rules  and  require- 
ments of  the  National  Board  of  Underwriters. 

Electrical  Inspection.  The  principal  points  re- 
garding the  safe  installation  of  dynamos,  motors, 
outside  and  inside  wiring,  as  required  by  the  insur- 
ance underwriters,  have  been  briefly  set  forth  in 
this  little  book,  which  has  been  compiled  simply  for 
reference  and  not  as  a  teacher — a  book  designed 
to  settle  most  of  the  doubtful  questions  which  might 
arise  in  the  mind  of  the  engineer  or  contractor  as  to 
just  what  will  be  considered  safe  by  insurance  in- 
spectors. There  will  probably  arise  questions  which 
cannot  be  settled  by  reference  to  the  suggestions 
herein  contained,  and,  therefore,  a  great  deal  has 
to  be  left  to  the  judgment  of  the  constructing  en- 
gineer and  inspector.  In  every  such  case  the  In- 
spectioii  Department  having  jurisdiction  should  be 
consulted  with  perfect  assurance  that  nothing  un- 
reasonable will  ever  be  demanded  in  the  way  of 
special  construction. 

Every  piece  of  wiring  or  electrical  construction 
work,  whether  open  or  concealed,  should  be'  in- 
spected, and  notice,  therefore,  should  akvays  be  sent 
by  the  contractor  or  engineer  to  the  board  having 
jurisdiction  immediately  upon  completion  of  any 
work.  Negligence  in  this  matter  has  frequently 
caused  floors  to  be  torn  up  when  doubtful  work  has 
been  suspected,  and  at  the  cost  of  the  parties  who 
installed  the  wiring. 


ALTERNATING     CURRENT     WIRING. 

Prepared  especially  for  "Standard  Wiring" 
by  E.  W.  Allen. 

Alternating  current  flowing  through  a  line  en- 
counters a  drop  in  voltage,  due  not  only  to  the 
ohmic  resistance,  but  also  to  certain  other  phe- 
nomena caused  by  the  rapid  changes  in  the  value 
and  direction  of  the  current.  The  phenomena  re- 
ferred to  are  the  Self  Induction,  the  Mutual  In- 
duction and  the  Skin,  or  Surface  Effect  of  the  con- 
ductors. 

Self  Induction  A  conductor  or  wire  through 
which  a  current  of  electricity  is  flowing  is  sur- 
rounded by  a  magnetic  field  of  strength  propor- 
tional to  the  current  flowing.  The  periodic  rever- 
sals of  an  alternating  current  are  accompanied  by 
similar  changes  in  this  magnetic  field  which  gener- 
ate in  the  conductor  a  counter  E.  M.  F.  The  value 
of  this  counter  E.  M.  F.  of  Self  Induction  is  de- 
pendent upon  the  length  and  size  of  the  conductor, 
the  amount  of  current  and  the  frequency  of  the 
alternations. 

Mutual  Induction.  Mutual    Induction    is    the 

effect  of  one  alternating  current  circuit  upon  an- 
other. It  is  caused  by  the  magnetic  field  surround- 
ing a  conductor  cutting  adjacent  conductors  and 
inducing  in  them  opposing  E.  M.  F.'s. 

Skin  Effect.  Alternating  current  is  not  uni- 
formly distributed  throughout  the  cross  section  of  a 
conductor,  but  is' apparently  denser  at  or  near  its 
surface.  If  the  frequency  is  high  and  the  conductor 
of  large  diameter,  the  central  portion  carries  little, 
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if  any,  current,  and  the  resistance  of  large  conduc- 
tors is,  therefore,  greater  for  alternating  than  for 
direct  current.  The  skin  effect  can  be  partially 
overcome  by  using  a  number  of  multiple  conduc- 
tors having  a  total  cross  section  approximately  the 
same  as  that  of  a  single  large  conductor  if  direct 
current  were  used.  Cables  for  connecting  the  col- 
lector rings  of  large  synchronous  converters  to  the 
secondary  or  low  tension  side  of  their  step-down 
transformers  are  for  this  reason  often  built  with  a 
rope  core. 

At  frequencies  of  60  cycles,  or  less,  and  with  con- 
ductors having  a  cross  section  not  exceeding  that 
of  0000  B.  &  S.,  the  surface,  or  skin  effect,  may, 
for  all  practical  purposes,  be  neglected. 

The  skin  effect  of  large  conductors  may  be  ob- 
tained from  the  following  table  (reprinted  from 
Alternating  Current  Wiring,  by  W.  L.  R.  Emmet)  : 

TABLE    I 


Product  of 

Product  of 

Cir.  Mils.  X 

Factor 

Cir.   Mils.  X 

Factor 

Cycle*  per  sec. 

Cyc'.es  per  St c. 

10,000,000 

l.no 

70,000  000 

1.13 

if  0,000 .000 

1.01     . 

80,000.000 

1.17 

30,000,000 

1.03 

90.000.000 

1.20 

40.000  000 

1.05 

100,000.000 

1.25 

50,000.000 

lOS 

125  000,000 

1.34 

ai.oco.oco 

1.10 

150.000.000 

1.43 

The  factors  given  in  this  table  multiplied  by  the  resistance  to 
direct  currents  will  give  the  resistance  to  alteinating  currents  for  cop- 
per conductors  of  circular  cross  section. 

Resistance    Reactance    &    Impedance.  The 

volts  lost  in  an  alternating  current  circuit  may  be 
resolved  into  two  components  representing  respec- 
tively the  loss  due  to  resistance  and  the  loss  due  to 
the  reactance  or  counter  E.  M.  F.'s    generated  in 
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the  circuit.  The  loss  due  to  reactance  is  displaced 
in  phase  90°  from  the  loss  due  to  resistance  and 
they  may,  therefore,  be  represented  as  forming  the 
two  legs  of  a  right  triangle.  The  hypothenuse  of 
the  triangle  thus  formed  will  represent  the  com- 
bined effect  of  all  the  factors  which  retard  the  flow 
on  an  alternating  current  and  is  called  the  imped- 
ance of  the  circuit  and  is  measured  in  ohms.  The 
reactance  and  impedance,  like  the  self  induction, 
depend  upon  the  length  of  the  circuit,  the  frequency, 
the  size  of  conductor,  and  the  distance  between  the 
two  wires  forming  the  circuit.  If  the  wires  are 
brought  close  together  the  reactance  is  reduced  and 
practically  disappears  if  the  wires  are  twisted  to- 
gether to  form  a  2  conductor  cable.  The  imped- 
ance would  then  become  equal  to  the  resistance. 
(See  Fig.  i,  p.  131.) 

Apparent  Energy  &  Power  Factor.  The  cur- 
rent flowing  in  an  A.  C.  circuit  as  measured  by  an 
ammeter  can  be  resolved  into  two  components,  rep- 
resenting respectively  the  energy  current  and  the 
wattless  or  idle  current  due  to  the  counter  E.  M.  F. 
of  induction  mentioned  above.  These  components, 
like  the  voltages  that  produce  them,  are  also  dis- 
placed in  phase  90°  and  form  the  two  legs  of  a 
right  triangle,  the  hypothenuse  of  which  is  the  cur- 
rent measured  by  the  ammeter.  (See  Fig.  2,  p.  131.) 

It  is  evident  from  the  figure  that  the  current  as 
measured  by  an  ammeter  exceeds  the  true  energy 
current  and  lags  in  phase  by  an  amount  represented 
by  the  angle  $.  The  cosine  of  this  angle,  or  the 
ratio  True  Energy,  divided  by  the  apparent  energy, 
is  called  the  power  factor  of  the  system  and  is  ex- 
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pressed  in  per  cent,  of  the  apparent  energy. 
For  example,  a  single-phase  circuit  delivering 
loo  kw.  at  250  volts  and  .8  P.  F.  would 
have  a  current  as  measured  by  the  ammeter 
looooo 

of  — =r  500  amperes,  although  the  energy 

250  X  .8 
or  useful  current  would  be  only  400  amperes.  With 
these  values  we  may  construct  a  right  triangle  hav- 
ing as  its  hypothenuse  the  apparent  current  500 
amperes,  the  energy  current  400  amperes  as 
one  of  its  sides,  and  a  wattless  component 
of  300  amperes  (see  Fig.  3,  p.  131),  as 
the  other  side.  The  wattless  component  is  found 
by  taking  the  square  root  of  the  diflFerence  between 
the  squares  of  the  hypothenuse  and  the  known  side. 
If  the  wattless  component  an-d  the  energy  compon- 
ent were  known,  the  apparent  energy  or  the  hy- 
pothenuse of  the  triangle  could  be  found  by  taking 
the  square  root  of  the  sum  of  their  squares.  A 
better  understanding  of  the  wattless  component,  or 
idle  current,  may  be  had  if  we  remember  that  with 
a  strictly  non-inductive  load  the  wave  of  current 
coincides  with  the  wave  of  E.  M.  F.,  both  reversing 
at  the  same  instant.  With  an  inductive  load,  how- 
ever, the  wave  of  current  lags  behind  the  wave  of 
E.  M.  F.  and  its  reversals  in  direction  do  not  occur 
until  after  the  reversal  of  the  E.  M.  F.  wave.  It 
is  evident  that  during  the  interval  between  these 
two  reversals  the  current  wilF  oppose  the  voltage 
and  consequently  the  momentary  product  of  these 
two  waves  at  that  time  will  produce  no  effect  upon 
a  wattmeter  coil  which  only  reads  the  true  energy. 
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The  product  of  the  independent  values  of  current 
and  voltage,  or  the  volt  amperes,  as  read  on  the 
ammeter  and  voltmeter  will,  therefore,  always  ex- 
ceed the  true  energy  in  a  line  carrying  an  inductive 
load. 

The  heating  effect  of  this  wattless  or  idle  cur- 
rent is  equivalent  to  the  heating  effect  of  the  same 
amount  of  energy  current ^  and  the  important  fact 
to  remember  about  an  alternating  current  load  is 
that  the  current  corresponding  to  the  apparent  load 
(tUe  hypothenuse  of  the  triangle  in  Fig.  jj  deter- 
mines the  heating  of  the  wire. 

The  power  factor  of  an  A.  C.  system,  or  the 
true  energy,  divided  by  the  apparent  energy,  depends 
upon  the  character  of  the  load.  If  made  up  of  in- 
candescent lamps,  the  power  factor  will  be  practi- 
cally unity,  and  the  apparent  energy  as  determined 
by  the  volt  and  ammeter  readings  may  then  be  taken 
as  the  true  energy.  If,  on  the  contrary,  the  load  is 
made  up  of  induction  motors,  the  power  factor 
will  always  be  less  than  unity  by  an  amount  de- 
pending upon  the  extent  to  which  the  motors  are 
loaded. 

In  commercial  circuits  a  load  made  up  exclu- 
sively of  induction  motors  will  have  a  power  factor 
of  about  .7.  A  mixed  load  of  incandescent  lamps 
and  induction  motors  will  have  a  power  factor  of 
from  .8  to  .85. 

The  power  factor  of  several  representative  induc- 
tion motors  is  given  in  the  following  table: 
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TABI,E  2 


Horse  rower 

Speed 

Efficicncj- 

rower  Factor 

Full  Load 
Speed 

1       K       K 

1       %       K 

2 

5 

10 
35 

1700 
1700 
17(0 
1150 

83        82        82 
86        H        85 

89  89        88 

90  90        89 

83        76        63 

89  84        73 

90  86        75 
90        87        81 

It  is  evident  from  the  preceding  pages  that  the 
calculation  of  the  conductors  or  wires  for  alternat- 
ing current  circuits  must  take  into  consideration 
both  the  impedance  of  the  circuit  and  the  power 
factoi-  of  the  load. 

Formula:  and  tables  for  calculating  the  approxi- 
mate size  of  conductors,  the  volts  lost  in  the  line, 
and  the  current  per  conductor  in  any  system  of 
alternating  current  distribution  are  given  below. 
The  formulae  have  been  widely  used  for  a  number 
of  years,  and  in  presenting  them  here  no  claim  is 
made  for  originality.  The  tables  which  geneially 
accompanied  them  have  been  revised  and  extended 
especially  for  this  book. 

The  size  of  copper  conductors  for  any  system  of 
electrical  distribution  may  be  determined  from  the 
following  formula: 


Cir.  Mils  = 
W  = 

D    rrz 

P    = 


D  X  W  X  K 

P  X  E' 
Total  watts  delivered. 
Distance  of  transmission   (one  way) 

in  feet. 
Loss  in  line  in  per  cent,  of  power  de- 
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livered,  that  is  of  W.  It  must  be  used  in  the  for- 
mula as  a  whole  number  and  not  as  a  decimal — 
thus  5%  energy  loss  should  appear  in  the  denomina- 
tor as  5  and  not  .05. 

E  =  Voltage  between  main  conductors  at 
receiving  or  consumers'  end  of  cir- 
cuit. 
K  =  Refer  to  table  on  page  135. 
B  ^=z  Refer  to  table  on  page  136. 
T  =  Refer  to  table  on  page  135. 
The  volts  lost  in  the  line  may  be  determined  as 
follows : 

P  X  E 

Volts  lost  in  line  = X  B 

100 
W 

Current  in  line  = 

EXT 

APPLICATION  OF  FORMULAE. 

The  formula  for  determining  the  area  of  the 
conductor  will  be  recognized  as  the  general  formula 
for  direct  current.  It  may  be  applied  to  any  sys- 
tem of  alternating  current  distribution  by  selectmg 
the  proper  value  for  the  constant  "K."  The  value 
of  "K"  for  direct  current  is  2160,  and  is  obtained 
by  multiplying  10.8  X  2  X  100. 

10.8  is  the  resistance  of  a  copper  conductor  i  mil 
in  diameter  and  i  foot  in  length. 

Multiplying  by  2  enables  us  to  express  the  dis- 
tance D  in  feet  one  way.  Multiplying  by  100  en- 
ables us  to  use  P  in  the  formula  as  a  whole  number 
rather  than  as  a  decimal. 

184 


VAI,UES  OF 

'K' 

System 

Power  Factor 

1.00 

.98 

2240 
1120 
1120 

.90 

.80 

.70 

Single  l-hase 

1  wo         "      4  Wire 

Three      "       3     " 

21t.O 
1080 
1080 

2660 
1330 

3380 
1690 
1690 

4400 
2200 
2200 

VAI,UE3  OP 

'T" 

System 

Power  Factor 

100 

.98 

.90 

.80 

.70 

Single  Phase 

Two         •'        4  Wire 

TSree      "        3      - 

100 
2. CO 
1  73 

.98 
196 
170 

.90 
1.80 
1.55 

.80 
1.60 
1.38 

.70 

1.40 
1.21_ 

When  applied  to  alternating  current  the  value  of  "K" 
for  any  particular  power  factor  is  found  by  dividing  2160 
by  the  square  of  that  power  factor  for  single  phase  and 
twice  the  square  of  the  power  factor  for  3-wire  3-phase. 
and  4-wire  2-phase. 

The  value  of  "B"  depends  upon  the  size  oi  wire,  the 
distance  between  conductors,  the  frequency  and  power 
factor.  The  values  of  ''B"  given  in  the  tables  on  pages 
136  and  137,  are  sufficiently  accurate  for  all  practical  pur- 
poses and  may  be  used  for  distances  of  20  miles  or  less 
and  for  voltages  of  25000  or  less.  The  capacity  effect,  or 
charging  current  of  very  long  high  voltage  lines,  makes 
this  method  of  determining  the  volts  lost  somewhat  in- 
accurate beyond  the  limits  specified  above. 

In  using  the  formula  and  constants  it  should  be  par- 
ticularly observed  that  "P"  stands  for  the  per  cent,  loss 
in  the  line  of  the  power  delivered  and  is  not  the  per  cent 
loss  of  the  power  at  the  generator. 

Single-Phase  System.  The  watts  in  a  single-phase 
system  of  unity  power  factor  (non-inductive  load)  are 
equal  to  the  product  of  the  volts  X  amperes.  If  the  power 
factor  is  less  than  unity,  the  watts  will  be  equal  to  the 
product  of  the  volts  X  amperes  X  per  cent,  power  factor, 
and  will,  therefore,  always  be  less  than  the  product  volts 
X  amperes. 

Two-Phase  System.  The  watts  in  a  2-phase  4- 
wire  system  ot  unity  power  factor  are  'equal  to  the 
volts  X  amperes  in  phase  No.  i,  plus  the  volts  X 
amperes  in  phase  No.  2.  If  the  power  factor  is 
less     than     unity     the     volt     amperes     should    be     multi- 
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plied  by  the  per  cent,  power  factor,  as  shown  in  the 
preceding  case.  The  current  in  each  phase  is  equal 
to  Yi  the  current  in  a  single-phase  system  of  the 
same  voltage  and  delivering  the  same  load.  The 
wires  for  a  2-phase  system  will  therefore  be  !/2 
as  large  as  the  wires  needed  for  a  single-phase  line 
of  the  same  voltage  and  load,  but  as  4  wires  are 
needed,  the  total  weight  of  copper  required  for  this 
system  of  transmission  is  the  same  as  that  required 
for  single  phase. 

Three-Phase  System.  The  watts  in  a  3-phase 
3-wire  system  of  unity  power  factor  are  equal  to 
the  product  volts  X  amperes  X  V3  =  i-73-  If  the 
power  factor  is  less  than  unity  the  product  thus  ob- 
tained should  be  multiplied  by  the  per  cent,  power 
factor  as  explained  for  other  systems.  It  is  evi- 
dent from  the  above  that  the  current  in  a  3-phase 

Watts 

system  equals  the . 

Volts  X  1-73  X  Power  factor 
The  product  1.73  X  power  factor  will  be  found  the 
same  as  the  value  of  "T"  in  table  (i),  page  (135). 
Each  wire  of  a  3-phase  system  will  be  equal  in  size 
to  one  of  the  wires  of  a  single-phase  system  of  the 
same  voltage  carrying  >^,  the  load  carried  by  the 
3-phase  system.  The  total  weight  of  copper  for  a 
3-phase  system  is  therefore  only  759^  of  that  re- 
quired for  either  a  single-phase  or  a  2-phase  system 
delivering  the  same  load. 
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Examples: 
(i)  Given — 
D  =  1000  (distance  [one  way]  in  feet). 
E  =     440  =  volts  at  end  of  line. 
W  =  25000  watts  (25  kilowatts). 
P  =  5%  energy  loss  (to  be  used  in  formula 

as  5.  and  not  as  .05). 
K  ^=  3380  (refer  to  table  on  page  135). 
B  ^    1.05   (refer  to  table  on  page  136). 
T  =     .80  (refer  to  table  on  page  135). 

Transmission  single  phase.     Frequency 
--^  =  60  cycles. 

Spacing  of  conductors  12". 
Power  factor  =  80. 

Determine — 

1st — The  size  of  wire  in  circular  mils. 
2nd — The  volts  lost  in  the  line. 
3rd — The  current  in  the  line. 

D  X  W  X  K        1000  X  25000  X  3380 


V^il.     111113     - 

PXE^ 
10562500 

5  X  440  X  440 

=  87289  cir.  mils  use  No.  i 

B.  &  S.  wire. 
;  E  X  B        5  X  440  X  1.05 

Volts  lost 
Current  in 

121 
PX 

=  23.] 

w 

I  line  — 

100 
[  volts. 

25000 

100 
—  =  71.  Amps. 

EXT      440  X. 80 
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Example  (2)  Find — 

The  size  of  wire,  the  volts  lost  in  line  and  the 
current  in  each  line  if  a  3-phase  system  had  been 
used  in  the  previous  example,  other  values  remain- 
ing constant. 

D  X  W  X  K        1000  X  2500  X  1690 
Cir.  mils  = ,  = 

P  X  E^  5  X  440  X  440 

528125 

= =  43644  cir.  mils,  use  No.  4 

121  B.  &  S. 

Note. — The  size  of  each  conductor  is  only  one- 
half  that  needed  for  single-phase  transmission  as 
obtained  from  the  preceding  example.  Three  con- 
ductors are  needed,  however,  and  the  weight  of 
copper  will  be  75%  of  that  required  for  single 
phase. 

P  X  E  X  B      5  X  440  X  1.05 

Volts  lost  = = =  23.10 

100  100 

W              25000 
Current  in  each  line  =  —  = 


EXT        440X1.38 
=  41.2  Amps. 
Example  (3)  Given — 

D  =:  500  (distance  [one  way]  in  feet). 
E  =  220  (volts  at  end  of  line). 
W  =  loooo  (10  kilowatts). 
K  =  2240  (refer  to  table  on  page  135). 
B  =  1.06  (refer  to  table  on  page  136). 
T  =     .q8  (refer  to  table  on  page  135). 
.   P  =  10. 
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Transmission  single  phase.     Frequency 

60  cycles. 
Power  factor  .98  (incandescent  lamps). 
Spacing  of  conductors  6" . 
Find  1st  the  size  of  wire  in  cir.  mils. 
2nd  the  volts  lost  in  the  line. 
3rd  the  current  in  the  line. 

D  X  W  X  K 

Size  of  wire  in  Cir.  mils  = ^ — 

P  X  E2 
500  X  loooo  X  2240        560000 


.--  10X220X220  II 

=  50900  Cir.  mils,  use  No.  3  B.  &  S.  wire. 

P  X  E  X  B       10  X  220  X  i.o6 

Volts  lost  in  line  =  -^ = 

100  100 

=  23.3  volts  =  10.6%  of  volts  delivered. 
W  loooo 

Current  in  the  line  =  = 

EXT  220  X  .98 
=  46.5  amps. 
It  will  be  observed  from  the  above  that  the  volts 
lost  in  per  cent,  of  volts  delivered  are  approximately 
the  same  as  the  watts  lost  in  per  cent,  of  the  watts 
delivered.  This  is  due  to  the  high  power  factor  of 
the  load,  the  relative  small  diameter  of  the  wire  and 
the  small  distances  between  wires. 

Example  (4)  Given — 

D  =  400  =   (distance  one  way  in  feet). 
E  =  250  volts. 
W  =  150000  watts  (150  kilowatts). 
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K  =  2660  (refer  to  table  on  page  135). 
P  =  5%  energy  loss. 
Transmission,  single  phase.  Frequency,  60  cycles. 
Power  factor,  .90.     Spacing  of  conductors,  12". 
Find— ^First  the  size  of  wire  in  cir.  mils. 
Second  the  volts  lost  in  the  line. 

DXWXK 

Size  of  wire  in  Cir.  mils  =: . — 

P  X  E2 
400  X  150000  X  2660 

5  X  250  X  250 
=  510720  Cir.  mils.  Use  500,000  Cir.  mil  cable. 

PXEXB        5X250X264 

Volts  lost  in  line  = = 

100  100 

=  33.  volts,  or  13.2%  of  volts  delivered. 
It  will  be  noted  that  the  per  cent,  volts  lost  is 
more  than  double  the  per  cent,  energy  lost.  This  is 
due  to  the  high  reactance  of  the  500000  Cir.  Cable 
(refer  to  table  on  page  137)  when  carrying  alter- 
nating current,  contrasted  with  its  resistance.  It 
shows  very  clearly  that  with  alternating  current 
better  regulation  can  be  secured  if  two  or  more  rel- 
atively small  conductors  in  multiple  are .  used  in 
preference  to  a  large  conductor.  The  sum  of  the 
areas  of  the  smaller  conductors  should,  of  course, 
be  equal  to  the  area  of  the  large  conductor. 

Example  (5) — 

A  30  h.p.,  220  volt,  3-phase,  60-cycle  induction 
motor  is  located  500  ft.  from  a  bank  of  step- down 
transformers.     Find  the  size  of  wire  that  should 
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be  run  from  the  transformers  to  the  motor,  allow- 
^^'S  5%  loss  in  energy. 

Assume  that  the  full  load  efficiency  and  power 
factor  of  the  motor  are  respectively  .88  and  .90,  and 
that  the  wires  will  be  spaced  12"  between  centers 

I  h.p.  =:  746  watts,  therefore  30  h.p.  =  30  X  746 
=:  22380  watts.    22380  ^  88  eff.  =  25430  watts. 
D  X  W  X  K        1000  X  25430  X  1330 

Cir.  mils  == ' = 

P  X  E=^  5  X  220  X  220 

=  139750  Cir.  mils.   Use  No.  00  B.  &  S.  for  each 
of  the  wires. 

PXEXB 

The  volts  loss  would  be  

100 
5X220X1.32 

=z =r     14.52   V. 

100 

W               25430 
The  current  in  each  line  =  ^  — ' 


E  X  T        220  X  1.55 
=  74.5  Amps. 

No  allowance  has  been  made  for  sag  in  the  line, 
which  is  sometimes  assumed  as  5%. 

It  is  often  necessary  to  find  the  voltage  at  the  re- 
ceiving end  of  an  alternating  current  feeder  where 
the  size  of  wire,  the  length  of  the  feeder,  and  the 
volts  at  the  generator,  current,  etc.,  are  known. 
This  value  can  be  found  from  the  following  form- 
ula: 
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/        ^^^        \ 

E  rzz:  (  I X  B  \  E  gen. 

Y         W  gen  —  PR  J 

E         r=  Volts  at  receiving  end  of  feeder. 
Egen  =:  Volts  at  generator. 
Wgen  =  Watts  at  generator. 

W  gen 

I  =  Current  in  line  = (See  table 

E  gen  X  T 
page  135  for  value  of  'T.") 
B  :=  See  tables  on  pages  136,  137. 

Example  (6)  Given — ' 
Size  of  wire  =  106000  Cir.  mils  =  No.  o. 
Length  of  line  (one  way)  =  500  ft. 
R  =z  .099  ohms  per  1000  ft. 
E  gen  =  240. 
W  gen  =  40000. 
Power  factor  =  .8. 
Spacing  of  wires  12". 
System — Three  phase. 

Frequency — 60    cycles     (7200    alternations    per 
second). 

B  =:  1. 1 5  (from  table  on  page  136). 

T  =  1.38  =  (1.73  X  .8  from.table  on  page  135). 

R  =  .099  ohms. 

Find — I  (the  current  in  the  line). 

E   (the  volts  at  the  receiving  end  of  the 

line). 
W  gen                 40000 
I  = z= ==    127.7   amps, 

Egen  XT         240  X  13^    _..  . 


PR 

E  =^:  (i X  B)  E  gen 

W  gen— PR 
127.7  X  127.7  X  .099 

=  (i —  X  1. 15)  240 

40000 —  127.7  X  127.7  X  .099 
1614 

=  (i X  1. 15)  240 

40000  — 1614 
1856 

=  (i )  240  =  .95  X  240  =  228  volts. 

^      38386 


A  convenient  type  of  pocket  wire  gauge,  one-half 
actual  size,  for  measuring  wire  from  No.  18  to  No. 
000  B.  &  S.  gauge.  On  the  front  is  given  the  safe 
carrying  capacity  of  copper  wires  in  amperes,  and 
on  the  reverse  side  the  approximate  decimal  equiv- 
alent of  the  various  sizes  of  wires. 
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MISCELLANEOUS. 

DEFINITIONS   OF   ELECTRICAL   UNITS. 

All  electrical  units  are  derived  from  the  follow- 
ing mechanical  units : 

The  Centimeter  is  the  unit  of  length,  and  equals 
•3937  inch,  or  .ooooooooi  of  a  quadrant  of  the  earth. 

The  Gram  is  the  unit  of  mass,  and  is  equal  to 
^5432  grains,  the  mass  of  a  cubic  centimeter  of 
water  at  4°  C. 

The  Second  is  the  unit  of  time  and  is  the  time 
of  one  swing  of  a  pendulum,  swinging  86464.09 
times  per  day,  or  the  i/86400th  part  of  a  mean  solar 
day. 

The  Volt  is  the  unit  of  electro-motive  force  [E]. 

Electromotive  force,  which  is  the  force  that 
moves  electricity,  is  usually  written  E.  M.  F.  (in 
formulae  E)  and  various  writers  use  it  to  express 
potential,  difference  of  potential,  electric  pressure 
and  electric  force. 

One  volt  will  force  an  ampere  of  current  through 
one  ohm  of  resistance.  Its  value  is  purely  arbi- 
trary, but  fixed. 

The  Ohm  is  the  unit  of  resistance  [R]  and  it  is 
equal  to  the  resistance  of  a  column  of  pure  mer- 
cury I  square  millimeter  in  section  and  106.3  centi- 
meters long  at  the  temperature  of  melting  ice. 

One  ohm  is  that  resistance  through  which  one 
ampere  of  current  will  flow  at  a  pressure  of  one 
volt  of  E.  M.  F. 

The  Megohm  =  1,000,000  ohms. 

The  Ampere  is  the  unit  of  current  strength  [C]. 
Its  value  may  be  defined  as  that  quantity  of  elec- 
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tricity  which  flows  through  one  ohm  of  resistance 
when  impelled  by  one  volt  of  E.  M.  F. 

One  ampere  of  current  flowing  through  a  batl: 
will  deposit  0.017253  grain  of  silver  or  0.00508= 
grain  of  copper  per  second. 

The  Coulomb  is  the  unit  of  quantity  [Q],  and  is 
the  quantity  of  electricity  passing  per  second,  when 
the  current  is  one  ampere. 

The  Farad  is  the  unit  of  capacity  [K],  and  is  that 
capacity  that  will  contain  one  coulomb  at  a  poten- 
tial of  one  volt. 

A  condenser  of  one  farad  capacity,  if  charged  to 
two  volts,  will  contain  two  coulombs;  if  to  100 
volts,  100  coulombs,  etc. 

The  Microfarad  [mfd]  =  one  millionth  of  a 
farad. 

The  Joule  is  the  unit  of  work  [W].  It  is  the 
work  done  or  heat  generated,  by  a  watt  in  a  sec- 
ond.   It  is  equal  to  .7373  foot-pound. 

The  Watt  is  the  unit  of  electrical  power  [P],  and 
is  the  energy  contained  in  a  current  of  one  ampere 
with  an  electromotive  force  of  one  volt.  746  watts 
=  one  horse-power.  A  current  of  10  amperes  and 
74.6  volts  will  do  the  work  of  the  one  horse-power. 

A  Horse-Power  in  a  steam  engine  or  other  prime 
mover  is  550  lbs.  raised  one  foot  per  second,  or 
33,000  lbs.,  one  foot  per  minute. 

The  Kilowatt  [kw]  equals  to  1,000  watts. 

The  E.  M.  F.  is  distributed  according  to  the  re- 
sistance of  the  various  parts  of  the  circuit,  except 
where  there  is  counter  E.  M.  F. 

Counter  E.  M.  F.  is  like  back  pressure  in  hy- 
draulics.    Thus,  to  find  the  available  E.  M.  F.,  or 
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the  resulting  current  against  a  resistance  where 
there  is  a  counter  E.  M.  F.,  the  counter  E.  M.  F. 
must  be  deducted.  For  example:  Suppose  a  stor- 
age battery  with  a  resistance  of  .02  ohm  and  a 
C.  E.  M.  F.  of  15  volts,  and  you  wish  to  charge  it 
with  a  dynamo  which  gives  an  E.  M.  F.  of  20  volts 
at  the  battery  binding  posts.  There  are  20  —  15  = 
5  volts  working  through  a  resistance  of  .02  of  an 
ohm  with  consequently  a  current  of  250  amperes. 
The  impressed  voltage  is,  however,  20  volts,  and 
not  5  volts,  and  the  power  is  20  X  250  =  5000 
watts,  and  not  5  X  250  =  1250  watts,  as  might  per- 
haps be  supposed.  It  is  obvious  that  the  C.  E. 
M.  F.  has  acted  as  a  true  resistance.  In  the  above 
case  5  X  250  =  1250  watts  were  wasted  in  over- 
coming the  resistance  of  the  storage  battery  and  the 
remaining  3750  watts  were  stored  up  in  the  chem- 
ical changes  which  they  brought  about  in  the  active 
material  of  the  storage  battery. 

Mils  =  Thousandths  of  an  inch. 

d^  =  circular  mils. 

The  Circular  Mil  is  now  generally  used  as  the 
unit  of  area  when  considering  the  cross-section  of 
electric  conductors,  the  resistance  being  inversely, 
and  weight  of  copper  directly,  proportional  to  the 
circular  mils. 

Greneral  Formulae  (Ohms  Laws). 
C.  ==  current  in  amperes. 
E.  =  electromotive  force  in  volts. 
R.  =  resistance  in  ohms. 
W.  =  energy  in  watts. 

E  E 

C.  =  —  E.  =  C.R.  R.  =  — 

R.  C 
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d 


C.  E.  =  W.  W.  =  —  C^  R.  =  W. 

R 

W. 

=  H.P.  W.  =  746  X  H.P. 


746 

Formulae  giving  the  volts  or  amperes  necessary 
for  a  given  horse-power  on  circuits  of  constant  cur- 
rent, and  constant  potential,  respectively: 

746  X  H.P. 
E.  = 


C. 


C.XK. 
746XH.P. 


E.XK. 

E.  =  potential  of  circuit. 
C.  =  amperes. 
K.  =  efficiency  of  machine. 
H.P.  =  horse-power. 

General  Formulae  for  Direct  Current  Light  and 
Power  Wiring.  When  possible  use  the  tables  on 
pages  51  and  67,  for  convenience. 

cm.  =  circular  mils 

d.  =  length  of  wire,  in  feet,  on  one  side  of  circuit, 
n.  ==  number  of  lamps  in  multiple. 
c.  =  current  in  amperes  per  lamp. 
V.  =  volts  lost  in  lines, 
r.  =  resistance  per  foot  of  wire  to  be  used. 
10.8  ohms  =  resistance  of  one  foot  of  commercial 
copper  wire  having  a  diameter  of 
one  mil  and  a  temperature  of  75° 
Fahrenheit. 
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It  is  an  easy  matter  to  find  any  of  the  above 
values  by  the  following  formulae  for  direct  current: 

10.8  X  2d.  X  n.  X  c. 

cm.  = — 


V. 


I0.8  X  2d.  X  n.  X  c  cm.  X  v. 

V.  = c. 


cm.  10.8  X  2d.  X  n. 

cm.  X  V.  cm.  X  v. 

n.  = 2d.  = 


10.8  X  2d.  X  c.  10.8  X  c.  X  n. 

V. 


n.  Xc.  X2d. 
V.  =  n.  X  c.  X  2d.  X  r.  c  = 


2d.  X  n  X  r. 


V.  V. 

n.  = 2d.  = 


c  X  2d.  X  r.  n.  X  c.  X  r. 

To  find  the  efficiency  of  incandescent  lamps  when : 
C.  =  current  in  amperes. 
E.  =  electromotive  force  in  volts. 

E 
R.  =  — ■  =  resistance  of  lamp,  hot. 
C 

C.P.  =  candle-power  of  lamp. 
W.  c.p.  =  watts  candle-power  (a  measure  of  effi- 
ciency of  lamp). 
One  electrical  H.P.  =  746  watts. 
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C.  X  E. 
Watts  per  C.P. : 


C.  P. 

746 


Number  candles  per  electric  H.P.  = 

W.cp. 

As  the  efficiency  of  conversion  of  good  dynamos 
is  90  per  cent.,  the  calculations  of  candles  per  elec- 
trical H.P.  must  be  multiplied  by  this  factor  to  give 
the  number  of  candles  per  mechanical  horse-power. 

The  weight  and  resistance  per  mile  of  round  wire, 
where  d.  is  the  diameter  in  mils,  are : 

Weight.  Resistance  at  75* 

d»      380060 

For  copper  wire lbs.  ohms. 

62.5       d^ 

d*     56970 

For  iron  wire lbs. ohms. 

72  d* 

To  ascertain  the  sectional  area : 
Diameter  =  d. 
Sectional  area  in  circular  mils  =  d*. 

Copper  wire  is  1.14  times  the  weight  of  an  iron 
wire  of  the  same  size. 

A  copper  wire  334  circular  mils  in  cross-section 
and  1000  feet  in  length  weighs  one  pound. 

The  percentage  of  conductivity  of  any  wire  is 
found  by  multiplying  the  resistance  of  a  pure  wire 
of  the  same  length  and  weight  at  the  same  tem- 
perature by  100,  and  dividing  the  product  by  the 
resistance  of  the  wire  as  measured. 
Ill 


MM  o09'-0  "M 
'aPIO  'wddoQ 


'S  ?•  'a  '-laddoo 


O   M   a  pais 


o  A\  a 

UOJ     pjZlUBAI^£) 


lOoc   O   M   inco   COCO   r^Cu^O   O   O 


o  'M  *a  p;o 

jaddo3 


r>-  H     0>C0  CO  W    ►-    M    T   O^CO  vO 

C^  'j-  •Tt  U-)vO  CO    d    W    u'lCO    M* 


r--  w  NO  en  r^ 


I-  \Oco  c<~.coco  r^t^o* 
—  >-<  w 


•s^  a 

jaddoj 


vOCOOMOO"^<NOO'^'-'NONCO\Otn 

h^   h-   M   w  N   cn  ■^  invO  CO   O  c^  O   O  "^  CI 
—   «-   I-  a   N   en 


•pais 

p3ZlU;?A|BQ 


o  M  a 

aOJJ    paziUBAIBQ 


o  • w  •«  PIO 

jaddoQ 


CO  oc<  iD'^oco  ir^o  r^O  O  to  cnr^^ooco  O 
enco  t^  o  r^  'ri  M  en  w^co  cnat>-<Q0\O»Denc«e>» 


j3ddo3 


00  O^vnMvO  f^O  Nco  ini-i  enwxriM  •-'  caO  OO 
NO  eno  N  M  eno  oo  enoooo  u^tcnw  a  -h 
cnocoo  lorj-cnN  m  i-  -<  m 


•pais 
pazTaBA|B£) 


"O  'AV  a 

UOJI  paZlUBAIBQ 


w  k-  N  r«rncnOco  mo  Q  w^mo 
"■>N  .•<-cor^r^u->i^O"^OON  o^ 
N  —  o^i^Oxn-i^cnenN  M  m  i-i 


•o  M  a  PIO 

jaddoj 


O  "^  0"C0  O  enOw^oo  to  C^mcnwu-jCO  o>Nir> 
Oco  u->enN   ocoo  tcnw  O   crco  r^O  m-^-Tren 

cnNNNNNMMMM^-MOO-  000000 
O'COC>rl-NNTj-C>tNMMN*1-|->-'in0«nCI 

CO  u->e<  ocoo  fw  >-'   O   o^co  r^o  \n  \n  ■^  -^  r^  en 

NNNNM»-Mi-i»-i.-.0000000000 

OtO'cooenO»'^oo-1-Oco»ncnN««'coO'  •  • 
Oooir)enMOcoOte<^c>iOO-co»^0»r)-^  •  • 
en<^WMNCJi-ii-iM»-MH«000000     •     • 

M  w  cO'ittno  i^QO  a>0  M  w  cnt-ino  1^00  0*0 

MMl-IMMMMMMMd 

162 


•  J  •   a 

jaddoQ 


'O  M   a 

UOJJ   paZIUBAl-BQ 


BREAKING   WEIGHTS. 


u 

ENGLISH    SYSTEM. 

fi 

c 

Breaking 

Breaking 

iZ. 

Hji 

Weight 

Weight 

gw 

es 

Hard  Drawn 

"Phono- 

^« 

.2 

Copper. 

Electric." 

n 

S 

Pounds 

Pounds 

oooo 

460 

8310 

1 1460 

ooo 

409.6 

6580 

9140 

oo 

364.8 

5226 

7400 

o 

324.9 

4558 

6300 

I 

289.3 

3746 

5250 

2 

257.6 

3129 

4180 

3 

229.4 

2480 

3360 

4 

204.3 

1967 

2700 

5 

181.9 

1559 

2080 

^  6 

162 

1237 

1680 

7 

144.3 

980 

1350 

8 

128.5 

778 

1075 

9 

1 14.4 

617 

850 

lO 

1 01 .9 

4?g 

685 

11 

90.74 

388 

545 

12 

80.81 

307 

420 

13 

71.96 

245 

340 

14 

64.08 

193 

270 

15 

57.07 

153 

, 

220 

i6 

50.82 

133 

180 

17 

45.26 

97 

135 

i8 

40.30 

77 

107 

ELASTIC  LIMIT. 

S>        c 

J3 

iiuM 

t%      T.  . 

s^s 

.as.8 

Wire. 

umbe 
S  G 

imetei 
Mills. 

V  9  « 

• 

?;«        .2 

r 

,             III 

Hard  Drawn  Copper. 

.  .    00      364.8 

52000 

41775 

"Phono-Electric"  .... 

.  .    00      364.8 

73500 

57860 

Hard  Drawn  Copper. . 

..      0      324.9 

54000 

39645 

"Phono-Electric" 

..     0    324.9 

76500 

55195 
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Length  of  Belting  for  Various  Purposes. 

Open  belting:  L  =  —  S.  +  2C.  ( l  -\ 

2  \         8  D. 

L  =  Length  of  belt. 

S  =  Sum  of  pulley  diameters. 

C  =  Distance  between  centers  of  pulleys. 

D  =  Difference  of  pulley  diameters. 

TT  =  3.141592,  or,  for  practical  purposes,  3.1416. 

For  calculating  the  length  of  belting  approxi- 
mately, add  one-half  the  circumference  of  each  pul- 
ley to  twice  the  distance  between  centers  of  the 
pulleys. 

To  find  the  horse-power  strength  of  double 
leather  belting  when : 

d.  =  diameter  of  small  pulley  in  inches, 
r.  =  revolutions  of  small  pulley  per  min. 
b.  =  breadth  of  belting  in  inches. 
H.P.  =  horse-power  to  be  transmitted. 

dXrXb 

H.P.  = 

1925 

"Double"  belting  is  expected  to  transmit  twice 
that  of  "single"  beUing,  and  "light  double"  one  and 
one-half  times  that  of  "single."     . 

Strength  of  wrought  iron  or  steel  shafting. 
(Formula  as  used  by  Pencoyd  Iron  Works.) 

d  =  \/5£^  for  bare  shafts,  or  H.  P.  — ^ 
R  50 

or  d  =  V   '      '^'  for  shafts  carrying  pulleys,  etc. , 
xv. 

IM 


or  H.P.  =  - — 
70 

I  =  \/  720  d*  for  bare  shafts,  or  d  =  V    -^ 

720 

or  I  =  V  140  d 2  for  shafts  carrying  pulleys,  etc.. 

or  d  =  a/IZT 
140 

H.P.  =  horse-power  transmitted. 

d  j=:  diameter  shaft  in  inches. 

R  =  revolutions  per  minute. 

1  =  length  between  supports  in  feet. 

To  find  the  horse-power  of  engines: 

in  which : 

H.P.  =  indicated  horse-power. 

Ps  =  travel  of  piston  in  feet  per  minute. 

A  =  area  of  piston  in  square  inches. 

M.  E.  P.  =  mean  effective  pressure  in  pounds  per 

square  inch. 

Ip  =  initial  pressure. 

and: 

34Xlp 
(o)  M.  E.  P.  = at  Ya  cut  of!. 

57 

iiXlp 
{h)  M.  E.  P.  = at  J4  cut  off. 

13 

An  application  of  these  formulae  in  an  appropri- 
ate example  may  be  considered  in  the  following 
problem: 

IM 


It  is  desired  to  determine  the  I.  H.  P.  of  an  en- 
gine whose  cylinder  is  lo  inches  in  diameter  and 
whose  stroke  is  12  inches,  operating  at  300  revolu- 
tions per  minute,  the  initial  steam  pressure  being 
100  pounds  per  square  inch,  cutting  off  at  %  and  J^ 
stroke,  respectively: 

34  X  Ip        34  X  100 
(a)  M.  E.  P.  = = =  59-65  at  Ya 

57  57 

cut  off. 

iiXlp       34X100 
(&)M.E.P.  = = =  84.6   at^ 

13  13 

cut  off. 

n 

A  =  —  X  diameter^  =  .7854  X  10^  =  78-54  square 

4 

inches. 

Ps  =  .2  feet  per  revolution  and  300  revolutions 
per  minute  =  600  feet  per  minute. 

Ps  X  A  X  M.  E.  P. 

I.  H.  P.  at  Ya  cut  off  = = 

33,000 

600  X  78.54  X  59.65 


=  85.18 


33»ooo 

Ps  X  A  X  M.  E.  P. 

«  I.  H.  P.  at  Y2  cut  off  = 

33.000 

600  X  78.54  X  84.6 


=  120.8 


33>ooo 
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To  find  the  horse-power  of  a  pulley : 

Multiply  the  circumference  of  the  pulley  in  feet 
by  the  revolutions  per  minute,  and  the  product  thus 
obtained  by  the  width  of  the  belt  in  inches,  and  di- 
/ide  the  result  by  600. 

This  rule  is  founded  on  the  fact  that  good,  ordi- 
nary, single  leather  belting,  with  a  tension  of  fifty- 
five  pounds  per  inch  width,  will  require  fifty  square 
feet  of  belt  surface  passing  over  the  pulley  per  min- 
ute for  one  horse-power.  Fifty  square  feet  per 
minute  is  equal  to  a  belt  one  inch  wide  running  600 
feet  per  minute. 

To  find  the  speed  of  a  belt,  multiply  the  circum- 
ference of  the  driving  pulley  in  feet  by  the  revolu- 
tions per  minute. 

Belts  should  always  be  run  with  the  grain  side 
next  to  the  pulley. 

Rule  for  finding  size  of  dynamo  driving  pulleys. 

DXS 
d  = 

d  =  required  diameter  of  dynamo  pulley. 
D  =:  diameter  of  engine  pulley. 

S  =  number  of  engine  revolutions  per  minute. 
S^  =  required  revolutions  of  armature  per  min- 
ute. 
The  light  cut-off  by  arc  lamp  globes  is 

Ordinary  glass lo?^ 

Light  ground  glass 30% 

Heavy  ground  glass 45  to  50% 

Strong  opal  glass  50  to  60% 
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SI 

no 


d 

coo 
S' 
S* 
S' 

S" 

s* 
s* 
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STANDARD    SYMBOLS    FOR    'WIRINO    PLANS 

nr  lATiouL  EUCTRiCAL  mmlmu'i^mmti  m  uiiteo  states. 

CcOiif  OiOet;  Zloetrio  «lj.   Igauri]  ia  eeitiT  iidi£>t«  i 

C<mi(  OMlet;  CawWiiitiiw    4  indlota  4-l«  C.  F. 

Bracket  Outlet;  Electric  «lj.    ■•meral  ia  oeitcr  iadicatei  i 

Bracket  Oltlet;  Csabiiuticn.   4  iaiiatei  4-l«  C.  P.  Btaadaid  Incudaoeot  Lampi  ud  2  Ou  Bunen. 

Win  or  Buebctri  leceptule  OaUet.     Bimcrml  ia  ceater  iadic*ta  limber  of  Studird  16  C.  ?.  lacaadoceat  LlBpl. 

Floor  Oltlet    luaenl  ia  ceater  iadintcl  aamber  of  Stladlrd  16  C.  ?.  Iieaadaceit  Uapi. 

Oitlet  tor  OaUoor  Stiadud  or  Feleitil;  Hectrio  oalj.    VoSaenl  iidintei  aimber  o<  Stial.  16  C.  P.  laeu.  UmpL 

Oitlel  (or  Oatloor  Kudud  or  Podettal:  ComUaitioa.   t  iadieHai  «-!«  C.  P.  Stud.  laeu.  Umm;  •  Ou  Birien. 

Drop  Coid  Oltlet. 

Ob*  U(bt  Oltlet,  for  Lim;  Bcceptuli. 

An  Luip  Oltlet 

Bpoeiil  Oltlet,  (or  lJchtia(,  Hutiac  lad  Power  Ciireat,  u  deMsibed  ia  Speciflcitioai. 

CeiliicPkaOitlcL 

1.  ?.  Switch  Oltlet.  \sh«r  ••  aanj  Sjukoli  li  there  u»  Switckee.    Or  U  cue  o(  »  reir  bun  t «"» 

».  P.  Switch  OltW.  J     o»  Switchee,iadicite  limber  of  Switchoi  by  iKoBiaiuaieiil,  thu;  tfXn; 

S-Wiy  Switch  DitM.  f     ^,^,^  12  siijle  Pole  Switchee. 

«-Wu  Switch  Oltlet  /  Keectibe  Tyi*  of  Switch  ia  SpeciJciUoai,  that  it, 

A.t<«..ti.l.oo,Swi.diO,tkt  L^„suy«..Pi.hB.tto.„8.a,. 

BectroUer  Switch  Ontlct  J 

Meter  Oltlet 


O*       Kotar  Oltlet;  auunl 
^^      Motor  Coitrol  Oitlet 


Xtia  or  Teeder  nu 
■uBorreederna 
Bnach  Cimit  na 


Floor. 


lader  Floor, 
lader  Floor  «h 


|j  Teleyhoaa  Oltlet;  Print*  Uni 

|(  Telephono  Oitlet;  PibUc  Serrio 

g  Ben  Oltlet 

Of  Buer  Oltlet 

Q2  Puh  BittoB  OiUet;  Xamenl  1 

_^^  Aaaiaciitor;  Himenl  iadicatei 

_4  Speakiac  Tib*. 

-0  Witchmia  Ooek  OiUet 

t  Wttcknaa  Statin  Oitlit. 

_^  Kuter^nme  Rock  Oitlit 

— D  Secoidar;  lime  Clock  Oltlet 


•Au  STUtiS  ni  wniNC  runs. 

Indicate  on  plan,  or  describe  in 
epecifications,  the  height  of  all  out- 
lets, located  on  aide  walla 

It  >8  important  thit  ample  space 
be  allowed  for  the  installation  of 
mains,  feeders,  branches  and  distri- 
bation  panels. 

It  is  desirable  that  a  key  to  the 
symbols  used  accompany  all  plans. 

If  mains,  feeders,  branches  and 
distribution  panels  are  shown  on  the 
plans,  it  is  desirable  that  they  be 
designated  by  letters  or  numbera 


B       Special  Oitlet ;  (or  Sifaal  S;item>,  u  deicribed  ia  Speellwtiaia 
|||l|l      Battery  OiUet 

( Cireiit  (or  Clock,  Telephoie,  BeU  or  other  Serrice,  na  lader  Floor, 

jxiad  of  Serric*  wiated  uoerlaiaed  hj  Sjmbol  to  which  liae  eoiaeel 

(  Cireiit  (or  Clock,  Telephoie,  Bell  or  other  Serrice,  na  tader  Floor 


BOTE— U  ether  thaa  Staadard 
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ELECTRICAL  INJURIES 

By  Charles  A.  Lauffer,  M.D., 

Medical  Director,  Relief  Dept.,   Westinghouse  Company. 

The  usual  injuries  encountered  in  the  industrial 
applications  of  electricity  are  due  to  exposure  to 
flashes  and  to  actual  contact. 

SYJilPTOMS  OF   FLASHED   EYES. 

Eyes  which  have  been  exposed  to  electrical  flashes 
become  very  red,  due  to  the  sudden  dilation  and 
congestion  of  the  blood  vessels  of  the  mucous  mem- 
brane lining  the  lids  and  in  part  covering  the  eye- 
ball, known  as  the  conjunctiva;  such  an  inflamma- 
tiorr5f  it  constituting  a  conjunctivitis.  The  pain  is 
intense,  there  is  an  aversion  to  light,  and  a  copious 
secretion  of  tears. 

Often  the  eyelashes  and  eyebrows  are  singed,  and 
charred  hair,  skin  debris  and  dust  particles  may  fill 
Ihe  eyes,  contributing  to  the  severity  of  the  ab<:)ve 
svmptoms. 

In  the  more  severe  case,  in  addition  to  the  con- 
junctivitis, there  may  appear  around  the  central 
transparent  area  of  the  eyeball,  known  as  the  cor- 
nea, a  zone  of  red ;  such  a  zone  of  red  in  the  white 
of  the  eye,  near  its  junction  with  the  colored  part 
of  the  eye,  known  as  the  iris,  constitutes  an  iritis. 
It  is  characteristic  of  a  congestion  of  the  blood  ves  • 
sels  within  this  portion  of  the  eyeball.  If  the  heat 
of  the  flash  is  sufficient,  as  in  the  more  severe  cases, 
the  superficial  layers  of  the  transparent  cornea  are 
coagulated. 

TREATMENT  OF  FLASHED  EYES. 

The  immediate  treatment  consists  in  washing  the 
region  of  the  eye  and  the  eyelids  with  eye-water, 
then  washing  the  eye  itself.  A  serviceable  formula 
for  eye-water  is  as  follows : 

159 


ly,   Sodii  biboric 0.30 

Acidi  boric  0.15 

Alumini  sulphatis    0.06 

Zinci  sulphatis   0.06 

Aquae   Campliorae    30. 

Sig.  Use  freely  as  an  eye-wash. 
Upon  dropping  into  the  eyes  a  sufficient  quantity 
of  three  per  cent,  cocaine  hydrochloride  solution, 
the  debris  may  be  mopped  out  with  clean  cotton 
wrapped  on  a  toothpick.  The  coagulated  tissue  of 
the  cornea  is  similarly  mopped  off. 

The  immediate  relief  of  pain  is  secured  by  cold 
compresses  over  the, eyes,  and  the  chief  remedy  in 
the  subsequent  tratment  is  cold  compresses ;  merely 
cotton  or  a  clean  cloth  laid  on  ice,  or  made  wet  in 
ice  water,  and  changed  by  the  patient  every  two 
minutes.  The  cold  compresses  serve  to  contract  the 
dilated  blood  vessels,  and  thus  control  the  painful 
congestion.  They  can  be  employed  for  an  hour  at 
a  time,  as  the  patient  lies  down ;  not  constantly, 
but  every  other  hour.  This  enables  the  patient  to 
get  some  sleep,  for  flashed  eyes  are  most  painful, 
when  he  is  relaxed  and  ready  to  sleep.  Eye-water 
is  used  every  hour.  In  severa  cases  adrenalin 
hydrochloride,  i  :5ooo  solution,  is  used  everv  half 
hour;  atropine  sulphate,  one  per  cent,  solution,  a 
few  drops  every  four  hours  to  control  the  iritis  re- 
ferred to  above,  if. this  symptom  manifests  itself.. 
Also  it  may  be  necessary  to  apply  castor  oil  every 
two  hours  to  prevent  the  cvelids  and  eyeballs  from 
growing  together  (synechial  adhesions)  if  the  cor- 
neal tissue  has  been  much  injured.  In  the  milder 
flashes  the  three  latter  remedies  are  omitted,  as  the 
patient  wears  smoked  glasses  and  returns  to  work 
in  two  or  three  days.  Recovery  is  prompt  and  com- 
plete in  practically  all  cases. 

It  is  conceivable  that  his:h  intensity  flashes  arc 
capable  of  seriously  affecting  the  optic  nerves  in 
susceptible  cases,  though    such    a    case    has    never 
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coiiie  under  our  observation.  The  fire  of  the  flash 
that  singes  the  hair  or  burns  the  skin  is  but  one 
element  in  the  production  of  this  type  of  injuries, 
as  eyes  may  be  ''flashed"  and  present  the  conges- 
tion, lachrymation,  pain  and  aversion  to  Hght  (the 
cardinal  symptoms  of  flashed  eyes)  when  the  per- 
son is  too  remote  from  the  heat  of  the  flash  to  be 
burned.  THe  intense  light  of  the  electric  welding 
arc  will  produce  a  similar  conjunctivitis  and  iritis; 
the  efl'ect  probably  being  due  to  the  ultra-violet  ravs 
present  in  the  electric  arc.  However,  the  red  and 
blue  glasses  worn  in  the  helmets  oi  the  welders 
protect  them  from  the  high  intensity  light. 

SYMPTOMS  OF   FLASHED  SKIN. 

Flash  burns  of  the  skin  are  usually  burns  of  the 
second  degree.  That  is  to  say,  while  destroying 
the  Outer  layer  of  the  skin  (the  epithelium)  they  do 
not  injure  the  inner  layer  of  the  skin  (the  corium) 
nor  the  deeper  tissues.  At  first  these  burns  ma\ 
present  a  mere  congestion ;  the  skin  i?  red,  as  from 
exposure  to  the  sun,  and  they  have  the  appearance 
of  a  first  degree  burn,  scarce  worth  while  dressing 
and  bandaging.  But  there  is  pain,  some  redness, 
and  by  the  second  day  huge  blebs  or  blisters  may 
have  formed.  Usually  the  hair  is  scorched;  often 
the  outer  skin  is  blown  off,  and  the  surface  looks 
ragged.  Under  proper  treatment  of  these  cases 
there  is  seldom  any  formation  of  pus,  and  they  will 
heal  up,  usually  without  leaving  a  scar.  We  have 
treated  many  of  such  burns  with  the  happiest  re- 
sults. We  have  treated  men  whose  features  were 
so  altered  by  burns  and  the  eyes  so  swollen  shut, 
that  their  own  mothers  would  not  have  known 
them.  To  the  uninitiated  il  seemed  they  were 
scarred  for  life,  yet  within  two  weeks  they  were 
able  to  resume  work,  and  within  two  months  no 
trace  of  their  burns  was  discernible. 

TREATMENT   OF   FLASH    BURNS    OF   THE   SKIN. 

The  immediate  treatment  of  flash  burns  consists 
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in  securing  the  highest  obtainable  degree  of  surgi- 
cal cleanliness  with  ethereal  soap  applied  with  nu- 
merous cotton  sponges  (using  sterilized  absorbent 
cotton  such  as  is  sold  for  medical  uses)  and  the 
application  of  sterile  gauze  dressing,  well  covered 
with  Unguentine.  A  good  formula  for  ethereal 
soap  that  dissolves  and  removes  the  dirt  and  grease 
at  the  same  time  rendering  the  area  antiseptic  con- 
sists of : 

Sulphuric  ether   4  oz. 

Turpentine    i  oz. 

Alcohol 3  pts. 

Surgical  soft  soap 4  lbs. 

Water,  enough  to  make  i  gal. 

We  find  this  ointment  uniformly  reliable;  it 
soothes  the  pain  and  promotes  recovery.  A  loose 
gauze  bandage  is  applied  and  the  part  put  at  rest. 

The  subsequent  treatment  consists  of  daily  re- 
dressings.  When  the  blebs  are  large,  we  scissor 
them  open  freely,  but  allow  the  outer  skin  to  re- 
main for  some  days,  as  it  is  in  itself  a  splen  iid 
protective  covering. 

These  burns  must  be  washed  clean,  then  there  is 
little  liability  to  infection  with  its  pain,  the  forma- 
tion of  pus,  and  the  resulting  long  term  of  disabil- 
ity. But  should  it  become  infected  and  pus  form, 
we  at  once  trim  away  the  skin  debris,  so  as  to  al- 
low no  pockets  for  the  retention  of  infection.  In 
the  absence  of  infection ;  that  is,  when  the  pus-pro- 
ducing bacteria  do  not  invade  the  wound,  the  dead 
skin  is  removed  within  a  few  days,  after  the  inner 
senstive  layer  of  the  skin  has  had  a  chance  to 
harden  somewhat,  and  to  lose  its  hypersensitiveness 
When  the  healing  has  progressed  we  sometimes  ap- 
ply ten  per  cent.  Ichthyol  in  Petrolatum,  to  facili- 
tate the  formation  of  normal  skin.  After  recovery, 
in  most  cases,  the  skin  remains  red  and  sensitive 
for  some  weeks.  We  instruct  the  patient  to  wear 
canvas  gloves  and  otherwise  protect  the  new  skin 
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from  grime  and  weather,  as  it  is  prone  to  eczema. 
The  dry,  open  method  of  treating  such  burns, 
namely,  that  of  powdering  on  Stearate  of  Zinc  freely 
and  exposing  them  unbandaged  to  the  air,  is  more 
or  less  successful  in  hospital  practice,  but  not 
adapted  to  ambulatory  patients,  especially  those  that 
may  live  on  the  streets  and  in  dirty  houses,  and 
who  may  return  to  work  before  complete  recovery. 

SYMPTOMS  OF  FLASHES  FROM    HIGH  VOLTAGE. 

In  contrast  to  the  usual  benign  burns  from  low 
voltage  is  the  severe  burning  from  high  voltage 
flashes,  causing  destruction  of  all  layers  of  the  skin 
(third  degree  burns)  over  large  areas.  Great  men- 
tal excitation,  even  transient  mania,  is  sometimes 
observed  in  these  cases;  again,  on  the  contrary, 
som^patients  are  relaxed,  unconscious,  not  breath- 
ing, and  may  'require  immediate  resuscitation  by 
artificial  respiration. 

TREATMENT  OF  HIGH  VOLTAGE  FLASHES. 

These  are  hospital  cases,  and  they  may  require 
much  care  to  ensure  their  recovery.  Delirium  is 
sometimes  encountered.  Where  large  .  areas  are 
burned  there  is  incrased  danger  from  sepsis.  When 
convalescence  is  established,  skin  deficiencies  are 
restored  by  grafting.  In  such  cases  the  recovery 
is  slow.  Scarring  will  be  more  or  less  extensive, 
depending  on  the  depth  and  extent  of  the  burns  and 
the  infection  that  may  be  associated. 

PREVENTION    OF    ELECTRICAL   FLASHES. 

Careful  attention  in  handling  switches  and  plugs 
is  imperative.  Circuits  should  be  opened  whenever 
practicable  during  tests  and  in  repair  work,  and 
danger  signs  erected,  as  well  as  isolating  the  test  by 
means  of  ropes.  In  repairing  of  transmission  lines 
and  transformers  connected  thereto,  the  lines  should 
be  thoroughly  grounded  at  the  point  of  repair  on 
any  side  from  which  power  may  accidently  be 
thrown  on.  Attention  to  such  details  as  every  elec- 
trician knows,  but  sometimes  ignores,  will  do  much 
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to  minimize  the  number  of  these  injuries.  With 
sleeves  rolled  up  to  the  elbows,  no  gloves,  and  the 
face  near  a  switch  when  it  is  opened  on  a  circuit 
carrying  a  heavy  load,  the  exposure  to  flash  burns 
is  unnecessarily  increased. 

Great  caution  should  be  observed  in  approachmg 
live  high  voltage  conductors,  and  a  safe  distance 
maintained.  Even  the  high  voltage  of  switchboards 
has  been  known  to  jump  some  distance,  envelop  a 
man  in  its  flaming  discharge,  seriously  burn  him, 
and  violently  throw  him  down.  High  voltage 
should  never  be  disregarded  under  any  circum- 
stances.   It  should  be  respected. 

CAUSATION    OF    FLASH    INJURIES. 

Flashes  of  arcs  occur  upon  breaking  or  momen- 
tarily short-circuiting,  direct  and  alternating  cur- 
rent, as,  for  example,  where  a  swifch  in  a  heavily 
loaded  circuit  is  opened  by  mistake,  where  wires 
with  deficient  insulation  become  crossed,  or  where 
a  workman  at  a  switchboard  allows  his. screwdriver 
to  slip,  causing  a  short  circuit.  A  score  of  ways 
there  are  that  will  cause  a  sheet  of  flame  to  issue 
forth,  surprising  even  the  experienced,  but  more 
often  the  novitiate. 

Although  electrical  flashes  are  of  but  momen- 
tary duration,  the  heat  developed  is  often  very 
great.  This  great  heat  will  produce  painful  burns 
of  the  unprotected  skin  and  eyes.  Similar  burns 
may  also  result  from  continued  exposure  to  the 
rays  of  the  electric  arc  as  is  used  in  welding,  though 
the  operator  may  not  have  been  near  enough  to 
feel  any  intense  heat.  Such  burns  usually  do  not 
become  apparent  till  several  hours  after  the  ex- 
posure. Eyes  can  be  flashed  by  the  welding  arc  at 
a  considerable  distance. 

Such  is  the  origin  of  the  mild  flashes  ordinarily 
observed  and  readily  amenable  to  treatment;  then 
there  are  the  severe  burns  from  high  voltage  con- 
ductors. 
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With  a  voltage  much  in  excess  of  15,000,  a  man 
seldom  makes  contact,  for  the  voltage  jumps  over 
to  his  fingers,  flexing  them,  and  making  it  impos- 
sible to  make  contact ;  33,000  volts  will  leap 
through  ordinary  insulation  and  go  to  the  man  who 
approaches  it.  The  discharge  is  instantaneous  and 
takes  place  before  he  can  make  actual  contact  with 
the  conductor,  unless  he  is  thrown  upon  it.  On  this 
account  there  is  less  liability  to  contact  burns  from 
high  voltage  than  from  low  voltage.  The  discharge 
that  bridges  the  interval  between  the  circuit  and  its 
victim  may  cause  extensive  face  burns.  Such  a 
flash  is  but  a  leakage  from  the  high  voltage  con- 
ductor, and  to  the  extent  that  it  spends  its  force  on 
the  surface,  there  is  diminished  liability  of  serious 
electrical  shock. 

T-he:  man  approaching  the  high  voltage  conductor 
sinks,  as  if  shot  when  the  discharge  strikes  him. 
Although  the  conditions  may  be  such  that  he  will 
receive  a  heavy  current,  the  discharge  may  carry 
with  it  only  a  small  current,  yet  enough  to  flex  his 
arm  and  leg  muscles  (the  flexors  are  stronger  than 
the  extensors)  and  cause  him  to  fall  all  over  him- 
self. Such  precipitation  assists  in  extricating  him 
from  what  might  be  a  dangerous  contact,  whereas 
in  a  lower  voltage,  with  hand  grasping  the  con- 
ductor, the  excessive  electrical  stimulation  of  his 
muscles  causes  his  grip  to  tighten;  his  fingers  flex 
tetanically;  he  is  unable  to  release  his  hold. 

The  flashes  from  high  voltage  may  moreover 
carry  sufficient  current  to  cause  a  suspension  of 
animation — to  be  considered  later. 

CONTACT  INJURIES. 

The  two  types  of  contact  injuries  are  shocks  ?.nd 
burns.  The  passage  of  an  electric  current  through 
the  human  body  may  cause  a  momentary  unpleas- 
antness, the  retention  of  the  victim  within  the  cir- 
cuit unable  to  release  himself,  a  suspension  of  con- 
sciousness, during  which  he  falls,  but  revives  again, 
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or  a  suspension  of  animation,   requiring  artificial 
respiration. 

RESUSCITATION    BY    ARTIFICIAL    RESPIRATION. 

The  efforts  at  resuscitation  must  be  begun  the  in- 
stant the  patient  is  freed  from  the  contact.  Sixty 
seconds  is  too  long  for  preliminaries.  The  comrade 
nearest  him  must  know  how  to  give  artificial  res- 
piration, as  loss  of  time  in  summoning  a  physician 
is  unpardonable.  The  services  of  the  latter  is  often 
essential  in  winning  back  a  Hfe  near  extinguished, 
but  the  artificial  respiration  must  be  begun  early, 
and  perseveringly  continued,  if  the  life  is  to  be 
saved. 

While  the  heart  beats  there  is  hope.  Artificial 
respiration  helps  sustain  the  cardiac  action.  Even 
when  no  radial  pulse  is  felt,  the  comrades  are  not 
justified  in  ceasing  their  efforts  at  resuscitation,  as 
the  heart  may  still  be  beating  feebly.  In  those  oc- 
casional cases,  where  the  heart  action  has  ceased, 
as  the  physician  upon  his  arrival  may  determine 
with  his  stethoscope,  there  will  be  no  possibility 
of  restoring  the  normal  respiration  by  any  method 
of  artificial  respiration.  Yet  the  victim  should  have 
the  benefit  of  any  doubt,  for  there  are  few  cases  of 
accidental  electrocution  where  the  victim  cannot  be 
restored  from  the  electrical  shock,  if  appropriate 
immediate  efforts  at  resuscitation  are  instituted. 

RULES   FOR   ARTIFICIAL   RESPIRATION. 

The  three  essentials  of  the  Prone  Pressure 
method  of  artificial  respiration  to  be  remembered 
and  practiced  in  anticipation  of  an  emergency: 

I. — The  man  is  laid  upon  his  stomach,  face  turned 
to  one  side,  so  that  the  mouth  and  nose  do  not  touch 
the  ground. 

II. — The  operator  kneels,  straddling  the  patient's 
hips,  or  kneels  by  either  side  of  the  hips,  facing  the 
patient's  head. 

III. — The  operator  places  his  spread  hands  upon 
the  lower  ribs  of  the  patient  and  throws  his  own 
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body  and  shoulders  forward,  so  as  to  bring  his 
weight  heavily  upon  the  lower  ribs  of  the  patient. 

The  operator's  downward  pressure  should  occupy 
about  three  seconds,  then  his  hands  are  suddenly  re- 
moved. Squeezing  the  chest  in  this  manner  forces 
the  air  out  of  the  lungs.  On  release  of  the  pressure 
the  elasticity  of  the  chest  walls  causes  them  to  ex- 
pand, and  the  lungs  are  refilled  with  fresh  air.  This 
act  should  be  repeated  an  indefinite  number  of 
times  at  the  rate  of  twelve  times  a  minute.  In  the 
excitement  of  the  occasion  the  danger  is  that  the 
rate  will  be  too  rapid.  If  the  operator  is  alone  with 
the  patient  he  can  adjust  the  rate  of  giving  artificial 
respiration  by  his  own  deep,  regular  breathing:  if 
more  persons  are  present,  a  watch  can  be  used  to 
advantage  to  regulate  the  rate. 

Any  evidence  of  returning  animation  should  en- 
coui-^e  the  operator  to  continue  his  efforts.  It 
often  requires  one-half  hour  to  two  hours.  In  elec- 
trical shock  seldom  over  one-half  hour,  but  in  cases 
of  drowning,  especially,  it  is  advisable  to  keep  at  it, 
for  recoveries  are  alleged  to  have  resulted  after 
three  hours  of  continuous  artificial  respiration. 

SUPPLEMENTAL   EFFORTS. 

If  the  operator  is  alone  with  the  patient,  the  arti- 
ficial respiration  is  his  chief  concern,  and  oflfers  the 
only  hope  for  the  victim.  Yet  if  others  are  present 
they  may  keep  the  crowd  back,  loosen  tight  neck 
bands,  if  any,  and  hold  a  cloth  saturated  with  Aro 
matic  Spirits  of  Ammonia  near  the  nose.  As  a  res- 
piratory stimulant  it  is  even  more  useful  than  oxv- 
gen,  yet  is  valuable  only  as  an  adjunct  to  the  artifi 
cial  respiration. 

The  physician  upon  his  arrival,  should  the  res- 
piratory function  continue  in  abeyance,  may  render 
great  assistance  by  the  hypodermic  administration 
of  Atropin  Sulph.  gr.  i-ioo  and  Strychnin  Sulph. 
gr.  1-30,  which  can  be  repeated  at  his  discretion,  or 
he  can  stretch  the  Sphincter  Ani. 
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Injudicious  assistance  is  often  harmful.  No 
liquids  should  be  given  by  the  mouth  to  an  uncon- 
scious patient.  Under  conditions  met  with  in  elec- 
trical shock,  and  in  those  near-drowned,  liquids 
given  are  more  liable  to  enter  the  lungs  than  the 
stomach. 

When  the  rhythm  of  the  respiration  is  re-estab 
lished  and  consciousness  is  restored,  the  patient 
may  experience  thirst  and  may  be  encouraged  to 
drink  a  teaspoonful  of  Aromatic  Spirits  of  Am- 
monia in  one-half  glass  of  water,,  and  the  same 
repeated  after  a  short  interval.  He  may  be  cold 
and  weak  and  in  that  case  will  require  blankets 
and  artificial  heat;  or  he  may  be  strong  as  ever,  in 
which  case  it  helps  wake  him  up  to  allow  him  to 
walk  with  assistance,  a  reasonable  distance  to  the 
physician  to  have  his  accompanying  burns  dressed. 

Yet  a  word  of  caution  is  here  necessary.  When 
artificial  respiration  has  succeeded  and  the  patient 
is  recovering  from  the  electrical  shock,  he  may  be 
excited  and  may  desire  to  stand  up  too  soon.  He 
must  be  dissuaded  from  doing  so  until  fully  out 
of  the  shock — his  heart  and  breathing  fully  restored 
— before  he  is  permitted  to  sit  up,  and  finally  sLand 
up.  He  needs  watching  for  some  tmie.  If  he  gets 
up  too  soon  a  second  effort  at  artificial  respiration 
may  be  unavailing;  it  may  be  the  collapse  of  heart 
failure. 

FORETHOUGHT. 

Suspended  animation  requires  instant  relief ;  yet 
so  often  many  who  have  been  trained  to  give  arti- 
ficial respiration  are  helpless  in  such  an  emergency. 
Many  are  excited,  frenzied;  all  turn  white.  Some 
jump  up  and  down,  others  scream,  and  are  incapa- 
ble of  intelligent  action.  With  deliberate,  prudenl 
forethought,  akin  to  the  German  Bureau  of  Strat- 
egy, each  individual  must  study  out  in  advance 
just  what  he  would  do  under  given  circumstances 
— if  his  home  or  factory  were  on  fire,  or  a  comrade 


were  on  an  electric  circuit.  Every  action  must  be 
carefully  thought  out  in  advance.  Testers  should 
know  if  the  floor  is  a  non-conductor,  and  should 
know  the  location  of  switches  that  may  be  opened, 
or  the  methods  of  pulling  a  man  off.  by  his  cloth- 
ing, or  otherwise,  in  such  a  manner  that  the  rescuer 
is  safe.  Then  he  must  previously  study  out  anj 
know  how  to  give  artificial  respiration,  so  that  there 
will  be  nothing  unforeseen,  nothing  unanticipated, 
in  an  apparent  calamity  that  spreads  consternation 
particularly  among  those  not  qualified  to  meet  the 
responsibilities  of  the  situation. 

ADVANTAGES    OF    PRONE    PRESSURE     METHOD. 

We  adopted  the  Prone  Pressure  method  because : 
(i)  It  is  easy  to  learn.  Any  intelligent  man  man 
can  be  shown  in  a  few  minutes,  and  can  practice 
on  his  friends,  and  they  on  ^him,  until  he  becomes 
an  expert  in  the  art  of  giving  artificial  respiration. 

(2)  It  requires  no  apparatus.  There  is  no  delay 
due  to  waiting  until  an  emergency  outfit  is  found. 

(3)  It  can  be  carried  on  easily  by  one  person.  A 
mere  boy  of  twelve  can  resuscitate  an  overweight 
adult  and  maintain  sufficient  inflow  and  outflow  of 
air  (tidal  air),  as  much  as  he  would  secure  were 
he  able  to  breathe  voluntarily.  One  operator  can 
work  without  exhaustion  for  an  unlimted  length  of 
time  by  this  method ;  there  is  no  need  of  team 
work,  and  teams  working  in  relays,  as  for  example 
with  the  Sylvester-Laborde  method.  Hence,  there 
is  diminished  temptation  to  quit  too  soon.  (4) 
Spirometer  tests  show  the  Prone  Pressure  method 
superior,  as  exhibited  by  Prof.  E.  A.  Schafer.  of 
Edinburgh,  before  the  American  Medical  Associa- 
tion. (5)  It  is  the  method  that  best  meets  the 
complications  of  suspended  animation  as  encoun- 
tered in  electrical  shock:  (2.)  In  the  usual  exces- 
sive relaxation  of  electrical  shock,  there  is  great 
liability  of  swallowing  the  tongue  with  the  patient 
on  the  back,  and  considerable  difficulty  in  holdinf; 


it  forward ;  by  the  prone  pressure  method,  with  the 
man  on  his  stomach,  the  tongue  falls  forward  of  its 
own  weight,  (b)  In  the  frequent  bronchorrhoee 
(excessive  secretion  from  air-passage)  and  edema 
of  the  lungs  (leakage  of  bloodstained  serum  into 
air-vesicles)  by  laying  the  man  prone  on  his  stom- 
ach, these  secretions  run  out  ■  of  the  mouth,  and 
there  is  no  danger  of  drowning  the  man  in  his  own 
secretions.  By  the  older  method,  where  this  com- 
plication was  successfully  met,  the  patient  had  to 
be  rolled  on  his  stomach  occasionally  to  permit  of 
the  escape  of  bloody  mucus,  then  rolled  on  his  back, 
and  the  secretions  churned  up  in  his  lungs  until 
the  artificial  respirations  are  another  time  inter- 
rupted by  rolling  him  on  his  abdomen  to  let  the 
secretions  escape  from  his  mouth,  (c)  In  cases 
of  electrical  shock  presenting  muscular  rigidity  a 
continuous  rigid  contraction  of  the  muscles,  tetanic, 
his  arms  cannot  be  manipulated ;  by  pressure  on  the 
ribs,  acocrding  to  the  prone  pressure  method,  and 
simultaneous  pressure  on  the  abdomen  by  a  second 
comrade,  mucus  is  expelled  from  the  mouth  within 
a  brief  period,  and  with  the  first  forced  expiration 
there  comes  a  general  muscular  relaxation  and  con- 
tinued artificial  respiration  leads  to  recovery. 

THEORIES   OF   ELECTRICAL    SHOCK. 

Physiological  experimentation  on  animals  ad- 
duces the  conclusion  that  in  suspended  animation 
(cessation  of  respiration  and  cardiac  action)  from 
electrical  overstimulation  the  brain  loses  its  power 
to  react  to  stimuli.  This  irritability  (power  to 
react),  is  only  temporarily  suspended,  so  that  life, 
if  not  entirely  extinct,  is  dependent  on  artificial  res- 
piration until  such  time  as  the  brain  (the  central 
station)  recovers  its  irritability. 

Like  the  dry  cell  battery  of  a  common  door  bell, 
which,  if  rung  too  continuously,  ceases  ringing;  so 
the  brain,  if  over-stimulated  to  the  point  of  ex- 
haustion, suspends  vital  operations.     The  dry  cell 
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left  to  itself  recovers,  and  the  bell  will  ring  again; 
the  br^in  possesses  infinitely  greater  power  of  re- 
covery. But  artificial  respiration  must  be  em- 
ployed to  supply  oxygen,  so  that  oxygenated  blood 
may  help  sustain  the  cardiac  function,  else  there 
will  be  no  interval  of  rest  allowed  the  exhausted 
brain  in  which  to  recover. 

While  the  irritabihty  of  the  brain,  which  subsides 
immediately  after  the  shock,  will  within  a  few  min 
utes  recover,  everything  depends  finally,  where  arti- 
ficial respiration  is  employed,  on  whether  the  action 
of  the  heart  continues  or  not. 

A  second  theory  is  that  of  asphyxiation,  or  the 
non-oxygenation  of  the  blood.  There  is  heightened 
chemical  activity  from  the  current  that  induces  the 
electrical  shock  and  much  carbon  dioxide  is  pro- 
duced. 

The  excess  of  carbon  dioxide  in  the  blood  par- 
alyzes the  respiratory  center  of  the  medulla.  In 
asphyxia  artificial  respiration  is  required,  and  must 
be  continued  until  the  blood  is*  oxygenated,  before 
the  normal  respiratory  function  will  be  re-estab- 
lished. 

A  third  theory  makes  electrical  shock  depend 
upon  a  sudden  dilatation  of  the  great  vessels  of  the 
splanchnic  area.  The  blood  vessels  are  held  in  a 
state  of  tonic  constriction  by  nerves  of  the  sym- 
pathetic nervous  system.  The  shock  is  conveyed 
from  the  cerebro-spinai  nervous  system  to  the  sym- 
pathetic. This  tonic  constriction  of  the  splanchnic 
vessels  (those  of  the  abdominal  viscera)  is  sud- 
denly recalled,  suppressed,  and  in  a  moment  these 
vessels  dilate  to  twice  their  normal  diameter,  able  to 
contain  four  times  the  quantity  of  blood  normally 
contained,  and  the  man  in  shock  is  liable  to  die  of 
hemorrhage  mto  his  own  vessels.  Paradoxically, 
he  can  die  of  hemorrhage  in  this  state  without 
shedding  a  drop  of  blood. 

Respiration  will  cease  at  once  from  anemia  of 
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the  medulla;  the  brain  depends  for  its  blood  ten- 
sion on  the  tonicity  of  the  vessels  of  the  splanchnic 
area.  Not  only  will  the  brain  be  without  blood,  but 
the  heart  will  have  no  blood  to  impel  into  the  arter- 
ies, and  unless  artificial  respiration  is  resorted  to 
instantly,  the  increasing  asphyxia  will  speedily  re- 
sult fatally. 

I  believe  that  all  three  theories  are  interdepend- 
ent, and  that  in  addition  there  may  be  other  factors. 

SYMPTOMS   OF   CONTACT   BURNS. 

The  burns  from  electrical  contact  are  generally 
of  the  third  degree ;  that  is,  there  is  a  destruction 
of  both  layers  of  the  skin,  and  even  of  the  deeper 
tissues.  The  real  extent  is  not  immediately  appar- 
ent, The  tissues  are  coagulated,  and  there  is  a  deep 
white  slough  that  is  slow  in  separating.  At  times, 
fingers  are  burned  to  a  cinder,  or  the  vascular  sup- 
ply so  destroyed  as  to  cause  a  dry  gangrene.  These 
burns  are  as  a  rule  painless,  and  upon  recovering 
from  the  shock  the  patient  may  not  consider  him- 
self burned,  but  later  the  discovery  is  made.  In  the 
milder  forms  they  may  not  report  for  treatment 
until  some  days  after  the  accident,  by  which  time 
the  burn  has  become  infected.  But  these  burns  are 
worse  than  they  look  and  are  obstinate  to  heal, 
especially  after  infection  sets  in.  Ordinarily,  in 
the  milder  cases,  the  patient  is  best  treated  while 
continuing  at  work.  "  In  the  severer  degrees,  as 
above  mentioned,  they  are  hospital  cases. 

TREATMENT    OF    CONTACT    BURNS. 

The  immediate  treatment  in  case  of  such  burns 
consists  in  surgical  cleanliness,  secured  by  ethereal 
soap  applied  with  numerous  cotton  sponges.  For 
the  milder  burns,  we  prefer  Depletol,  or  lo  per 
cent,  ichthyol  on  sterile  gauze,  to  facilitate  the  sep- 
aration of  the  necrosed  (dead,  tissues.  When  the 
slough  has  separated,  we  commonly  employ  balsam 
of  Peru  as  a  dressing,  and  alternate  with  thymol 
iodide  at  times.    When  crusts  form  under  this  mode 
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of  treatment,  we  employ  zinc  oxide  ointment,  to  re- 
move them,  and  continue  the  daily  dressings  until 
the  defect  has  granulated  in  and  the  area  is  covered 
with  healthy  skin. 

The  severer  burns  in  hospital  practice  are  treated 
by  open,  dry  or  wet  methods,  in  accordance  with 
the  ideas  of  the  surgeon  on  the  particular  service. 
It  is  customary  to  be  conservative  in  waiting  for 
gangrene  to  demark  the  necrosed  tissues,  rather 
than  to  resort  to  immediate  amputation,  inasmuch 
as  the  boundaries  of  the  damaged  tissues  cannot  be 
immediately  determined.  Burns  of  the  palms  which 
to  the  uninitiated  may  seem  trivial,  may  necessitate 
the  amputation  of  the  hands,  due  to  necrosis  of  the 
tendons. 

FACTORS    liN"    CAUSATION    OF    CONTACT    BURNS. 

There  is  a  wide  variety  of  external  and  individ- 
ual conditions  that  influence  the  extent  of  electri- 
cal injury,  and  there  is  an  interdependence  of  cir- 
cumstances that  make  tabulated  results  and  reports 
of  accidents  apparently  inconsistent.-  At  one  time 
no  volts  are  involved,  and  there  is  a  fatal  accident ; 
at  another  time  15,000  and  recovery  will  ensue. 

The  voltage  being  equal,  alternating  current  is 
probably  less  dangerous  than  direct  current.  With 
alternating-current  frequencies  below  50,000  cycles, 
and  equal  voltage,  more  response  is  produced  than  . 
in  frequencies  approaching  100,000  cycles  per 
second. 

High  frequency  currents,  even  though  of  hiffh 
voltage,  such  for  example  as  are  produced  by  X- 
ray,  induction  coils,  and  also  that  of  wireless  tele- 
graph apparatus,  are  not  ordinarily  dangerous,  on 
account  of  their  tendency  to  seek  the  surface  of 
conductors  in  their  circuit,  rather  than  flow  by  way 
of  internal  path. 

While  burns  and  electrical  shock  are  often  associ- 
ated, it  is  noteworthy  that  in  many  cases  of  acci- 
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dental  electrocution,  there  are  no  demonstrable 
burns. 

Tabulated  figures  on  the  electrical  resistance  of 
the  human  body  varies  greatly.  For  example,  by 
the  bridge  method  on  the  Baker  Static  Machine  the 
hand  to  hand  resistance  on  various  individuals  was 
found  to  be  40,000  ohms  (min.)  to  140,000  ohms 
(max.).  Moistening  the  hands  cuts  the  hand  to 
hand  resistance  to  29,000  ohms,  immersing  the 
hands  in  water  reduces  it  to  5,400  ohms,  and  mak- 
ing the  water  conductive  by  the  addition  of  salt, 
further  reduces  it  to  4,600  ohms. 

While  approximately  15  ampere  of  current  is 
used  for  criminal  electrocutions,  witli  electrodes  at 
base  of  brain  and  calves  of  legs,  yet  i/io  ampere 
may  become  dangerous  under  certain  conditions  of 
contact,  and  ^  ampere  is  considered  prohibitive. 

A  current  that  is  harmless  at  first,  by  breaking 
down  the  skin  resistance  and  taking  an  internal 
path,  may  become  dangerous. 

The  location  and  number  of  contacts  is  an  im- 
portant factor,  as  well  as  the  duration  of  the  con- 
tact. "A  small  current  applied  over  the  pneumo- 
gastric  nerve  in  the  neck  would  paralyze  the  heart, 
whereas  taken  through  the  hands  or  body,  the  path 
must  be  over  the  nervous  m.echanism  controlling 
the  respiratory  and  cardiac  centers  to  produce 
death."  But  it  can  be  argued  the  electric  current 
follows  the  blood  vessels,  not  the  nerve  trunks; 
oil  is  a  con-conductor,  the  nerve  trunks  are  chiefly 
fat,  the  saline  constituents  of  the  blood  make  it  a 
good  conductor. 

Panic  (the  emotions),  causing  profound  vasomo- 
tor paresis  and  vascular  dilatation  from  slight  in- 
jury, and  subsequent  failure  in  performing  artificial 
respiration,  probably  accounts  for  many  deaths.  A 
defective  heart  is  also  a  possible  cause  of  death, 
where  there  are  fatalities  and  little  current  is  in- 
volved. 

174 


It  can  be  contended  that  electric  current  does 
not  kill  in  most  of  the  deaths  attributed  to  it. 
Some  of  these  deaths  are  undoubtedly  the  result  of 
neglect;  resuscitation  is  delayed,  improperly  con- 
ducted, or  discontinued  too  soon.  An  electrician 
in  our  plant  within  six  years  in  his  own  department 
has  rescued  six  from  death's  door,  six  out  of  six, 
a  record  of  loo  per  cent,  saved.  He  is  there  within 
three  seconds,  and  begins  the  artificial  respiration  in 
the  spot  where  they  fall,  and  keeps  by  them  in  that 
spot  until  they  have  fully  recovered.  He  is  enthu- 
siastic for  the  prone  pressure  method. 

This  outline  sketch  of  electrical  injuries  is  de- 
signed to  emphasize  the  curability  of  this  type  of 
accidents,  and  to  encourage  everybody  to  learn  how 
to  give  artificial  respiration  by  the  prone  pressure 
method,  with  the  purpose  of  minimizing  the  number 
of  fatalities  from  electrical  shock. 

Switchboard  and  Electrical  Fires 

A  liquid  extinguisher  called  Pyrene  has  recently 
been  put  on  the  market.  Experiment  and  acceptance 
tests  made  by  the  largest  electric  light,  power,  rail- 
road and  transit  companies  in  America  and  by  the 
underwriters  laboratories,  indicate  that  it  is  of  great 
value  to  the  electrical  industry.  At  several  of  the 
tests  made  short-circuit  electrical  arcs  larger  than 
any.  that  have  ever  before  been  intentionally  pro- 
duced, w)ere  successfully  handled  by  this  extin- 
guisher, arcs  of  an  indicated  energy  of  400-h.p.  be- 
ing snufiFed  out  by  a  few  ounces  of  the  liquid.  It 
was  also  found  difficult  to  re-establish  the  arcs  when 
put  out  by  this  preparation. 

The  extinguisher  is  small  and  light,  working  on 
the  principle  of  a  double-acting  syringe,  can  be  con- 
veniently located  and  is  easily  carried.  As  the 
liquid  wil  not  freeze  at  60°  below  zero  it  can  be 
left  in  exposed  places  during  the  winter.  No  peri- 
odic recharging  is  required,  although  they  are  re- 
fillable  after  use. 
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AMERICAN  CONDU'IT  MFG.  CO 53 
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AMERICAN  STEEL  &  WIRE  CO 29 
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JEFFERSON  GLASS  CO -. 68 
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PHOENIX  GLASS  CO 69 

PIGNOLET,  L.  M 76 
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WESTON  ELECTRICAL  INSTRUMENT  CO 75 
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Make  Your  Dollars  Have  More  Cents 

BUY 

BRYAN-MARSH 

INCANDESCENT 
LAMPS 

In  Specifying 

Bryan  -  Marsh  -  Mazda   Lamps 

you  are  assured  of  the  highest  type  of  metal  filament 
lamp  embodying  the  most  recent  and  important  devel- 
opments in  modern  lamp  manufacture.  Insist  on  the 
Bryan-Marsh  label— there's  a   difference. 

GEM,  TANTALUM. 

"IMPERIAL  CARBONS"  and  MINIATURES 

Bryan -Marsh  Company 

Chicago,  111.        Central  Falls,  R.  I. 

Branch  Offices: 
New  York,  Minneapolis  Cincinnati 

Denver  San  Francisco 


5PRAQIJE 

ELECTRIC     WORK» 

OF     GENERAL     ELECTRIC     COMPANY 


BX  CABLE  AND  ALL 

MARK 

GREENriELD    rLEXIBLE    8TEEL 
ARMORED  CONDUCTORS 

AND 

GREENflELD 
rLEXIBLE    »TEEL   CONDLIT 

HAVE     BEBN    THE    STANDARD     FOR 

OVER    12    YEARS 

WE  AI.SO  MANUFACTURE  A  IvARGE  LINE  OF 

stamped  8teel  Boxe»  and  Covers 
Cast  Iron  Boxes  and  Covers 
Watertight  Boxes  and  Covers 
floor  Outlet  Boxes  and  Covers 
Fittings  and  Tools 

Main  Offices: 

527-531  West  34th  Street,  New  York,  N.  Y. 

Branch  Offices  in  Principal  Cities 


SPRAOUE 

ELECTRIC    WORKS 

OF  GENERAL     ELECTRIC      COMPANY 


DIRECT  AFkJFDATAD^        TWO  wire 

CURRENT  tILnlCKAlVKO  THREE  WIRE 

%   K.   W.   to   1000   K.   W. 

ELECTRIC    nOI8TS 

VARIETY   OF   TYPES    AND    CAPACITIES 
Economically  Lift  and  Convey  Loads 

ELECTRIC   ]  ^INCHES 

Entire    Mechanism    Weatherproof    and    of    Superior   Design 
and  Construction 

ELECTRIC  DYNAMOMETERS 

Test  any  Type  of  Engine  or  Tool  in  a  Simple  and  Extremely 
Accurate  Manner 

ElECTRiC  FANS 

To   Meet   Every  Conceivable   Demand  or  Condition 
Direct  or  Alternating   Current 

ELECTRIC    MOTORS 

Alternating    or    Direct    Current 

OPEN  ENCLOSED  SEMI-ENCLOSED 

1/50  H.  P.  and  Up. 

ELECTRIC    EREIGIIT    HANDLINC 
M4CI1INERY 

SWITCHBOARDS 


Main  Offices: 

527-531   West  34th  St,  New  York,  N.  Y. 

Branch  Offices  in  Principal  Cities 


The  Salient  Feature  of  G.  E. 
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Our  trade-mark  is  a  guarantee  of  excellence.  We  build 
not  alone  the  best  Circuit  Breakers  on  the  market,  but  a 
greater  variety  of  sizes  and  types  than  all  our  competitors 
in  this  country  and  abroad  combined. 

Engineers  who  are  familiar  with  the  constant  develop- 
ment going  on  in  Circuit  Breaker  practice  will  remember 
that  there  is  not  on  the  market  to-day  a  single  important 
type  which  did  not  originate  with 

The  Cutter  Company 

CIRCUIT  BKBAKBRS,  BNOINBBRS  AND 
MANUFACTURERS 

PHILADELPHIA,  PA.     -    -     U.  S.  A. 


The  Cutter  Company 
Shallow  Flush 
Push  Button 
Switch 

FOR  220  VOLTS  OR  LESS 


EASY  TO  PUSH 
EASY  TO  WIRE 
EASY  TO  BUY 


#«^#,ti^. 


CUTTER 

cTHUNIT 

WALL  BOXES 

The  Best  and  Cheap- 
est Iron  Wall  Box  on 
the  market. 

If  you  are  not  using 
Cutter  Switches  and 
Cutter  "Munit"  Boxes  it 
must  be  because  you 
don't  know  how  to  buy 
them. 

Write  direct  to  us  for 
prices,  stating  fully  what 
30U  require. 


The  Cutter  Co. 


PHILADELPHIA 


AMMETEKr— Type  K,   Direct  Current,  Direct  Reading. 

Westinghouse  Portable  Meters 

FOR  ALTERNATING  AND  DIRECT-CURRENT  SERVICE 

Rugged    and  Accurate 

THEY  COMPRISE  A  COMPLETE  LINE  AS  FOLLOWS : 


Type  P 

Alternating 

Current 


Type  B 
Direct 
Current 


Voltmeters 
Ammeters 

Power  Factor  Meters 
Frequency  Meters 
Wattmeters 
Type  Q  T  Voltmeters 

Alternating    J  Jlilliammeters 
and  Direct      |  Lamp-Testing 

Current        ^  Volt- Wattmeters 
Iron  Loss  Voltmeter 
C  Ammeters 
Voltmeters 
Millivoltmeters 
Volt-Ammeters 
i^  Shunts 
Portable  Series  Transfonners 
Portable  Shunt  Transformers 
Precision  Meters 
Watthour  Meters 
Portable  Testing  Outfit 

Full  particulars  in  Circular  1104 


Front 
Type   K   Panel 
Generator    and 
2   Feeders. 


Westinghouse 
Switchboards 

Neat  in  appearance  and  free  from 
unnecessary  complications.  Fuses  on 
special  panels  at  rear  of  board,  away 
from  other  apparatus — safe,  accessi- 
ble. Bent  copper  construction,  sym- 
metrical wiring,  open  faced,  long- 
scale  instruments. 

Westinghouse  Switchboards  are  de- 
signed and  built  complete  in  our  own 
factory. 


Rear 
Type  K  Panel 
Generator    and 
2   Feeders. 


Westinghouse  Electric  &  Mfg.  Co, 

East  Pittsburgh,  Pa. 


Bales  Offices  in  Forty  American  Cities 


Ihe  Cooper  Hewitt  Lamp 

Both  theory  and  practice  have  proven  the  Cooper 
Hewitt  Lamp  to  be  superior  to  all  other  light-sources  for 
Industrial  and  Commercial  Lighting  by  reason  of  the  fol- 
lowing advantages : 

It  increases  acuity  of  vision  from  50%  to  200%, — ^you 
can  see  on  the  average  twice  as  distinctly  as  by  any  other 
illumination    of    equal    brightness. 

It  gives  no  troublesome  glare,  and  does  not  flicker. 

It  produces  no  black,  confusing  shadows. 

It  is  the  cheapest  of  all  electric  lamps  to  operate  and 
maintain. 

Don't  forget:    Light  is  cheaper  than  labor. 

Get  in  touch  with  our  Illuminating  Engineering  De- 
partment. 


COOPER  HEWITT  ELECTRIC  CO. 

Eighth  and  Grand  Sts.,  Hoboken,  N.  J. 

DISTRICT  SALES  OFFICES : 

Boston,   Mass 161   Summer  Street    I    Minneapolis,  Minn Met.  Life  Bldg. 


Chicago.  ni...l80  N.  Dearborn  Street 
ancinnati.  Ohio.. First  Nat.  Bfe.  Bldg. 

Cleveland.   Glilo Engineers'  Bldg. 

Detroit.    Mich Ford  Bldg. 


Philadelphia.   Pa.  .124  So.   8th  Street 

Pittsburg.   Pa Arrott  Bldg. 

St.  Louis,  Mo.  .Cent.  Nat.  Bank  Bldg. 
Syracuse,    N.    Y Unlvefrsity  Bldg. 


CUTLER-HAMMER 


MOTOR  CONTROLLING  DEVICES 


D.    C.    Speed    Regulator.     Motor  Starter.     No-Volt- 
age   and    Overload  Release. 
Our  general   catalogue  contains  the   data  and   information   regard- 
ing the  starting  and  speed  regulation  of  motors  that  you  should  have. 
Write   for   a   copy   to-day.      The    advice    of   the    Cutler-Hammer    En- 
gineering Department  is  always  at  your  service. 

PUSH  BUTTON  SWITCHES 


//J 

r  r- — i 

t^    r^^^. 

3           1 

L 

The  Cutler-Hammer  line  includes  Pendent  Switches,  Surface 
Switches,  Canopy  and  Candelabra  Switches,  Door  Switches,  Battery 
Switches,  Feed-Through  Switches,  etc.  Illustrated  pamphlets  sent 
on    request. 

THE  CUTLER-HAMMER  MFG.  CO.,  Milwaukee 

Largest  Manufacturers  of  Electric  Controlling  Devices  in  the  World. 

NEW  YORK,  BOSTON,  PITTSBURGH, 

Hudson  Terminal  176  Federal  St.  Farmer's  Bank    Bldjf. 

CHICAGO,  PHII^ADELPHIA,  CLEVELAND. 

Peoples  Gas  Bldg.  1201  Chestnut  vSt.  Schofield   Bldg. 

PACIFIC  COAST  AGENTS:  Otis  &  Squires,  579  Howard  St.,  .San 
Francisco,  229  Sherlock  Bldg..  Portland,  and  W.  B.  Palmer,  416  East 
3rd  St.,  Los  Anjreles. 
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ducreyi: 

Ttie  Lamps  of 

Hig'Hest  Quality 


The  Buckeye  Electric  Company  not 
only  supplies  lamps  of  uniformly  high 
quality,  but  its  illumination  experts  are 
always  ready  to  assist  customers  in  plan- 
ning lighting  installations  which  will  utilize 
the  Buckeye  product  to  the  best  advant- 
age. It  will  pay  contractors  and  con- 
struction engineers  to  avail  themselves  of 
the  services  and  co-operation  of  our 
specialists. 

The  Buckeye  Electric  Company 

CLEVELAND 

CKicaifo  Pittsbt&r^  Boston  Dallas 
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The  Star  Ideal 

Insulator 

Pat.  May  28,  1907 

The  Easiest  IQnob  to  Wire 


Mo 
Breakage 


No 
Slack  Wires 


It  meets  with  all  the  requirements  of 
the  underwriters  and  is  made  for  use  with 
No»8,  JO,  12  and  U  wire. 

WRITE  FOR  OUK  CATALOGUE  AND  PRICES 

The  star  Porcelain  Co. 

TRENTON,  N.  J. 


The  Star  Oval 

Insulator 


Pat.  Dec.  5,  1905 


For  the  use  of 

wire   without 

tying 


The  oval  shape  enables  the  hole  to  be 
placed  in  the  center  with  less  material  than 
generally  used,  and  holds  the  wire  securely 
when  in  place  by  means  of  the  curve  between 
the  top  and  bottom, 

WRITE  FOR  OUR  CATALOGUE  AND  PRICES 

The  star  Porcelain  Co. 

TRENTON.  N,  J. 
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THE  COOK  WEDGE  SPLIT  INSULATOR 

Makes  Standard  Wiring  Easy 

Made  of  the  Best  Hard  White  Porcelain.  No  Burrs  or  Rough 
Edges  to  cut  Insulation,  but  Firmly  Grips  the  Wire  when  Screwed 
in  Place — The  Cap  Needs  no  Centering.  Once  Used  Never 
Replaced. 

Trial  Orders  Packed  500  inTa  Box 


Protected  by  U.   S.  Patents 
Ask  Your  Jabber  or  Write  Us  for  Samples  and  Prices 

COOK  POTTERY  CO.,  Trenton,  N.  J. 

SOLE    MANUFACTURERS 
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THE 

••National" 
STORAGE 
BATTERY 


IN    ANY    TYPE 
FOR     EVERY 
CLASS    OF 
SERVICE 


The  National  Storage  Battery  is  carefully  de- 
signed and  thoroughly  built.  The  conditions  of 
each  class  of  service  have  been  analyzed  and  a  dis- 
tinctive type  has  been  developed  to  meet  each  set  of 
conditions  most  perfectly.  We  have  aimed  to  se- 
cure the  best  efficiency  and  at  the  same  time  an  ex- 
ceptional durability  so  that  the  maintenance  cost  is 
reduced  to  the  minimum.  Our  special  process  for 
making  the  leaves  of  the  plates  gives  a  distinctive 
character  to  our  Plante  plates. 

Manufactured    by 

The  United  States  Light  and  Heating  Co. 

GENERAL  OFFICES  :   30  Church  Street,  New  York 
FACTORY  :  Niagara  Falls,  N.  Y. 

SALES  OFFICES  AND  DEPOTS: 

New  York  Buffalo  Detroit  St.  Louis 


Boston 


Cleveland 


Chicago 
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MACALLEN 

Solid  Mica 

Insulating  Joints 


Regularly  inspected  and  labeled  under  the  sui)er- 
vision  of  the  Underwriters'  Laboratories,  Inc., 
under  the  direction  of  the  National  Board  of  Fire 
Underwriters. 

We  carry  a  large  stock  and  can  fill  all  orders 
promptly. 


The  Macallen  Company 

Macallen  CSi>  Foundry  Streets 
Boston,  Mass. 

Catalogues    and    Price    Lists    Furnished    Upon    Application 

10 


MACALLEN 

Canopy  Insulators 


Patented  July  13. 1897 

Regularly  inspected  and  labeled  under  the  super- 
vision -  of  the  Underwriters'  Laboratories,  Inc., 
under  the  direction  of  the  National  Board  of  Fire 
Underwriters. 

They  are  designed  to  go  between  the  canopy  and 
the  wall,  or  ceiling,  where  combination  or  straight 
electric  fixtures  are  installed  in  buildings  that  are 
constructed  with  metallic  lathing,  or  where  there 
are  metal  ceilings  or  walls  used. 

They  are  made  of  a  special  compound  that  is 
thoroughly  wjaterproof,  strong,  durable,  and  of  the 
highest  insulating  qualities. 

We  manufacture  these  insulators  to  fit  all  stan- 
dard sizes  of  canopies. 


The  Macallen  Company 

Macallen  CEi  Foundry  Streets 
Boston,  Mass. 

Catalogues    and    Price    Lists    Furnished    Upon    Application 
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Crouse-  Hinds'  Products 


Type  "A"  Panel 


Type"D"LPanel 


Panel  Boards 

Any  Size 

Standard  or 

Special 


Multimeter  Panel 

Write  for 

Catalog 

Bulletin  No.  I 


Type",H"  Panel 


ml 

-■,*   Mf&    Am. 

[m. 

Type  "F"  Panel 


f^         Crouse  -  Hmds  Company         r^ 

^  Syracuse.  N.  Y..  U.  S.  A.  ^ 

NEW  YORK  BOSTON  CHICAGO  CINCINNATI 

30  Church  St.        201  Devonshire  St.       4 1 7  S.  Dearborn  St.         1 8  E.  Fourth  Ave. 


{_iBs£3liykJ 


Type  "A  P' 
Cabinet 


Cabinets 

Wood  and 

Steel 

Flush  and  Surface 

Types 


Type  "A  V 
Cabinet 


pa  Not  Order  Until  You  Have  Seen 

Our    Panel  Board  and  Cabinet  Catalog,  Bulletin 
No.  1  —Free  for  the  Asking 

Most  Complete  and  Best  Lines  Ever  Presented 


Also 
Special 


Type  *  BM" 
Cabinet 


Designs 


Type    FFT' 
Cabinet 


^        Grouse  -  Hinds    Company        d^ 

^^^  Syracuse,  N.  Y.,  U.  S.  A.  ^^ 

NEW  YORK  BOSTON  CHICAGO  CINCINNATI 

30  Church  St.        20 1  Devonshire  St.        417  S.  Dearborn  St.        1 8  E.  Fourth  Are. 


Crouse  -  Hinds'  Products 
SWITCHBOARDS 

STANDARD    AND    SPECIAL   BOARDS 
For  Direct  and  Alternating  Current 


A  Grouse-Hinds  Switchboard  in  Court  House.  Syracuse,  N.  Y. 

LET  US  KNOW  YOUR  REQUIREMENTS 

Our  long  experience  and  facilities  insure 
scientific  construction  and  prompt  delivery. 


d^         Crouse  -  Hinds    Company        d^ 

^^  Syracuse,  N.  Y.,  U.  S.  A.  ^^ 

NEW  YORK  BOSTON  CHICAGO  CINCINNATI 

30  Chuich  St.        20 1  Devonihire  St.       417  S.  Dearborn  S«.        1 8  E.  Fourth  Are. 


Crouse  -  Hinds'  Products 


KNIFE  SWITCHES 

Front  and  Back  Connection 

With  or  without  Fuse  Terminals.  Type  "B,"  all  capacities, 
0-600  Volts.  Also  Ammeter  atid  Voltmeter  Switches, 
Ground  Detectors.     Every  one  Approved. 


Type  "B.'— Front  Con- 
nection 
Without  Fuses 


Typt  "B"— Front  Connection 
Enclosed  Fuses 


Type  "B"— Back  Connection 
Enclosed  Fuses 


Ftjl^^ 


Type  "B"— Back.  Con- 
nection 
Without  Fuses 


Best   that   Science  and   Skill   can    Produce 
Write  for  Knife  Switch  Catalog 


Crouse  -  Hinds    Company 

Syracuse.  N.  Y.,  U.  S.  A. 


NEW  YORK 
30  Church  St. 


BOSTON 
20 1  Devonshire  St. 


CHICAGO 
4l7S.De«ibornSt. 


CINCINNATI 
18  E.  Fourth  Ave. 


Crouse  -  Hinds'  Products 


Headlights,  Guy  Anchors 
and  Adjustarods, 

Types  "A"  and  "B" 

Special  designs  of  HEADLIGHTS, 
to  meet  all  requirements  of  Traction 
Lines,    Harbor    Service    and    Mines. 


HARPOON    GUY  ANCHORS, 
the    easiest    to    install — never   loosen 

ADJUSTARODS  are  the  only  all-in-one 
metal    equipment  for  "dead  man"   anchors 


Harpoon 
Guy  Anchor 
(Closed) 


f 


Harpoon 

Guy  Anchor 

(Opened) 


Imperial  lyuminous  Headligbt- 

Combination  Arc  and 

Incandescent— Type  '%  A" 


Free  Catalogs  on  Each  Product 


Type "A" 
Adiustarod 


Type "B" 
Adjustarod 


Grouse-Hinds  Company 

Syracuse,  N.  Y.,  U.  S.  A. 


NEW  YORK 
30  Church  St. 


BOSTON 
ZOIDevonthireSt. 


CHICAGO 
41 7  S.  Dearborn  St. 


CINCINNATI 
1 8  E.  Fourth  Ave. 
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Crouse  -  Hindis'  Products 


CONDULETS 

No  Conduit  Outlet  Without  Its  Condulet 


i 


Type"QHC" 


Type'XF'' 


Type"QKC" 


Type    N" 


Type "F" 


Type  "FF' 


Type"W" 


Type"CHC' 


Type"FS"  Type  "W"  Type"FSC" 

Write  for  Condulet  Catalog,  Bulletin  No.  100 
d^         Crouse- Hinds   Company         ^ 

^^^  Syracuse,  N.  Y.,  U.  S.  A.  ^^ 

NEW  YORK  BOSTON  CHICAGO  CINCINNATI 

30  Church  St.        201  Devjn$hireSt.        417  S.  Dearborn  St.       18  E.  Fourth  Ave. 


Grouse  -  Hinds'  Products 
CONDULETS 

A  Separate  Type  for  Each  Requirement 


rype    I.R" 


Type"YX" 

Write  for  Condulet  Catalog,  Bulletin  No.  100 
d^         Grouse -Hinds    Company         ^ 

^^  Syracuse.  N.  Y..  U.  S.  A.  ^^ 

NEW  YORK  BOSTON  CHICAGO  CINCINNATI 

30  Church  St.        20 1  Devonshire  St.        417  5.  Dearborn  St.        1 8  E.  Fourth  Ave. 
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Crouse  -  Hinds'  Products 


CONDULETS 

Weatherproof  and    Especially  Adapted  for 
Outlining 


Type  "J  X" 


Type  "j  A" 


Type  "J  T' 


Type    KD"  Type"  J  I/" 


Type  "KB" 


Type"KC' 


Type  'K'  Type  "J"  Type  "j  B"  Type  "KA' 

Write  for  Condulet  Catalog,  Bulletin  No.  100 
d^         Crouse -Hinds    Company         ^ 

^  Syracuse,  N.  Y..  U.  S.  A.  ^^ 

NEW  YORK  BOSTON  CHICAGO  CINCINNATI 

30  Church  St.        20 1  Devonshire  St.      417  S.  Dearborn  St.        1 8  E.  Fourth  Ave. 
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Crouse  -  Hinds'  Products 

Conduletto  Fittings| 

Made  Weatherproof  by  Gaskets 


Receptacle  with  Shade 
Holder  Groove 


^- 


Receptacle  without 
Shade  Holder  Groove 


Type  "C"  Condulet   with    Condu- 
letto   Receptacle    (exploded   view) 


Cord  Rosette  Fixture  Rosette 

Write  for  Catalogs  on  Porcelain  Fittings 
d^         Grouse -Hinds    Company         d^ 

^^  Syracuse.  N.  Y..  U.  S.  A.  ^^ 

NEW  YORK  BOSTON  CHICAGO  CINCINNATI 

30  Church  St.        201  Devonshire  Si.       417  S.  Dearborn  ^t.       1 8  E.  Fourth  Ave. 
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Crouse  -  Hinds'  Products 

Norbitt  Specialties 

For  Condulet,    Moulding,   Cleat,   Conduit  Box    and 
Temporary  Installations 


Condulet  He(  eptarle  with 
Shade  Holder 
GrooTe 


Monldin?  Receptacl* 

iritlioat    Shade  Holder 

Groove 


'•'^ 


0 


*   Conduit    Box    Recep- 
tacle with  Shade  Holder 


Weatherproof   Fixture 

Socket  with  's  and  ?<- 

inch  Female  Nipples 


("rouse-Hinds    New  Tempo- 
rary Decorative  Weatlierproof 
Socket 


Weatherproof    Socket 
(Pendant) 


Habbell  Attachment 
Plug  Receptacle 


Write  for  Catalogs 


on 


Porcelain  Fittings 


Cleat  Cord 
Rosette 


*  This  line  covers  a  receptacle    with   shade  holder   groove,  without 
shade  holder  groove,  cord  rosette  and  fixture  rosette. 


Grouse  -  Hinds    Company 

Syracuse,  N.  Y.,  U.  S.  A. 


NEW  YORK 
30  Church  St. 


BOSTON 
201  Devonshire  St. 


CHICAGO 
41 7  S.  Dearborn  St. 


CINCINNATI 
18  E.  Fourth  At«. 
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American    Electrical     U/orks 
Phillipsdale^  1}.  /. 


"National  Electrical  Code  Standard" 

STAR  ^   BRAND 

^iVeatkerproof  Line  Wire,  Slow-Burning 

Wire,   Rubber   Covereci  ^iVirc, 

Incandescent  Lamp   Cora 


Railway  Feeder  and  Trolley  Wire 
Galvanized  Iron  Wire  and  Strands 


NEW  YORK 

CHICAGO 

165  Broadway 

112  WestJtdamsSt. 

BOSTON 

CJNCINNJtri 

176  Federal  St, 

Traction  Bldg, 

Afon 

it  re  a  I, 

Canada 
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AMERICAN 

STEEL  &  WIRE 

COMPANY 

Chicago  New  York  Denver 

Worcester  San  Francisco 


Makers  of  National  Electrical  Code 

Rubber  Covered  Wires 
Weatherproof  Wires 
Lead  Incased  Cables 
Trolley  Wire,  Lamp  Cord 


Send  for  Cafjilogue 

United  States  Steel  Products  Co. 

NEW  YORK 
Export  Representati'ves 


Wires  and  Cables 

RUBBER    INSULATED 


NATIONAL    ELECTRICAL 
CODE   STANDARD 

FOR 

vSubmarine,     Aerial, 

Underg'roxind 

and    Interior    Use 


Write  For  Prices  and  Discounts 


Atlantic    Insulated    Wire    &    Cable    Co. 

iMain  Office,  125   CEDAR   ST.,   New  York 
Factories,   Stamford,  Conn. 


AGENCIES  : 

Atlantic    Insulated    Wire    &    Cable    Co., 

1243   Peoples  Gas  Bldg.,   Chicago,    111. 

A.  &   C.   B.    Robinson,  503  Keller  Bldg.,   Louisville,    Ky. 

B.  F.    Kierulff,  Jr.,   &   Co., 

120    South    Los    Angeles   St.,    Los    Angeles,   Cal. 
Hand  &   Jones,  151    New    Montgomery    St.,    San    Francisco,    Cal. 

Western  Engineering  Specialties  Co.,  1732  Glenarm  St.,  Denver,  Colo. 
A.    S.    Doxsee,  1502    Chestnut    St.,    St.    Louis,   Mo. 

A.   T.   Egan,  Felt  Bldg.,  Salt  Lake  City,  Utah. 

Frank  Haeniar,  Portland,   Ore. 

Northwestern   Supply  Co.,  115  Prefontaine  Place,   Seattle,  Wash. 
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WIRES  &  CABLES 

"KX."  WEATHER  PROOF 
WIRE  &  CABLE 

BARE  COPPER  WIRE  & 
CABLE 


TRADE  2^       VV      iV      "MC  MARK 

SLOW  BURNING  WEATHER 
PROOF 

OFFICE.  ANNUNCIATOR  & 
MAGNET  WIRES 

HIGH      TENSILE      TROLLEY      WIRE 


WRITE  EOR  QUOTATIONS 


BENEDICT  &  BURNHAM  MFG.  CO 

Successors  to 
THE  HOLMES.  BOOTH  &  HAYDENS  CO. 

WATERBURY,  CONN. 


BISHOP  STANDARD 

The  New  1912  Code  Wire 

Meets  all  requirements  of  the  revised  rules  of  the 
National  Electrical  Code  for  Rubber  Covered  wire, 
effective  January  i,  19 12. 

When  you  specify 

BISHOP  STANDARD 

vou  can  be  absolutely  certain  that  you  will  get  the 
BEST  OF  THE  NEW  CODE  WIRES.  That  you 
wtill  get  a  product  which  is  the  result  of  sixty-three 
years'  experience  in  the  insulated  wire  and  cable 
business. 

Our  new  price-list  is  yours  for  the  asking.  Write 
for  it  to-day. 


Specify  Your  Wire  by  Name 
and  be  Sure  of  Results 

BISHOP  GUTTA-PERCHA  CO. 

428  East  25th  Street 
NEW  YORK 


THERE  IS  PROHTABLE 

SATISFACTION 

IN  USING' 


Phono-Electric' 


For  Trolley  (Catenary,  Cross-span  or 
Bracket  construction)  Telephone  or  Tel- 
egraph work. 

Put  up  a  section  on  the  hardest  spot 
J0  your  line;  watch  it;  make  your  own 
comparisons ;  then  we  think  you'll  agree 
that  ''Phono-Electric"  is  the  most  eco- 
nomical wire  to  use. 

We  want  every  man  interested  in 
Trolley,  Telephone  or  Telegraph  work 
to  have  a  copy  of  our  ''Red  Booklet." 
Mailed  free.  It  gives  facts — tells  why 
''Phono-Electric''  is  superior  to  Hard- 
Drazvn  Copper  Wire. 

See  table  of  comparative  strengths  on 
page  153  of  this  book. 


Bridgeport  Brass  Company 

Bridgeport,  Conn. 


WEATHERPROOF  WIRE 

A  Product  of  27  Years'  Experience 

NATIDNAL  CODE  STANDARD 


We  also  manufacture  Slow 
Burning  and  Slow  Burning 
Weatherproof  Wires  and 
Cables  —  Telephone,  Tel- 
egraph and  Signal  Wires 
— Magnet — Office  Annun- 
ciator and  Enamel  Wires — 
Bare  Copper  Wire  and 
Strands — Rubber  Covered 
Wire. 


CHICAGO  INSULATED  WIRE  &  MFG.  CO. 

CHICAGO,  ILL. 

ESTABLISHED  -  1 885 


X9iattiond 

NEW  <I5H2:>-  code 


WIRE 

Now  Ready  For 
Immediate    Delivery 

These  new  wires  and  cables  meet  all 
the    physical,     chemical     and     electrical 
■  specifications  of  the  new  1911  code. 

The  life  of  rubber  covered  wires  and 
cables  depends  upon  their  insulation. 

Diamond  wires  and  cables  g-ive  long- 
er and  more  efficient  service  because  of 
their  superior  insulation. 

Other  Lines  of  Standard  Diamond  Quality: 

Intermediate  Grades  Lead  Encased  Cables 

Diamond  Special  30%  Telephone  Cables  (braided) 

30  %  Para  Telephone  Cables  (leaded) 

Igniter  Cable 

THE  DIAMOND  RUBBER  CO. 

Akron,  Ohio. 
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DRIVER  -  HARRIS    WIRE    CO. 


RESISTANCE   ALLOYS 


ROUND    OR    1A#|UP    BARE    OR 
FLATTENED     VY  lt\IL    INSULATED 


'INichrome" 

For  Electric  Heaters 

"Advance" 

For  Controllers,  Arc  Lamps 

"Climax" 

For  Moving  Picture  'Rheostats 

"Therlo" 

For  Instruments  and  Shunts 
Special  Alloys  for  Special  Applications 

Armature  Binding  Wire 

Hercules    CsteIl)    Phosphor   Bronze 

Heater  Cords 

DRIVER  -  HARRIS    WIRE    CO. 

HARRISON,    NEW    JERSEY 

BRANCH   OFFICE   AND   STOCK 
38  No.   Clinton  Street,  .  _  -  .  .  Chicago 


Every  modern  house  is  lighted  with 

electricity. 

The  electricity  is  carried  on  Rubber 

Covered  w^ires. 

There  are  few,  if  any,  things  in  a  house  so 
important  as  the  insulation  of  this  wire.  If 
the  insulation  breaks  down,  the  least  trouble 
is  the  impossibility  of  securing  light.  What 
is  more  important  is  that  a  break-down  may 
cause  a  disastrous  fire  with  loss  of  property 
and  life. 

We  have  spent  many  years  in  studying  the 
problem  of  making  the  ideal  wire  for  the  safe 
transrnjssion  of  electricity  in  homes  and  build- 
ings. We  have  experts  who  give  this  matter 
their  constant  attention. 

We  would  like  to  have  you  consult  us  and 
make  use  of  our  experts  in  determining  the 
wire  best  suited  to  your  purpose.  If  this  is 
not  practicable  because  of  time  or  distance, 
simply  specify, 

"The  Electric  Cable  Gompany*s 
Extra  Tested  30%  Para" 

This  insures  your  getting  the  best  that 
money  can  buy. 

It  is  not  practical  to  make  efficient  tests  outside  the  factory. 
**  Extra  Tested  "  has  a  meaning— we  want  you  to  know  what  it  is. 

THE  ELECTRIC  CABLE  CO. 

17  Battery  Place,  New  York 

Bridgeport 
Boston 


Philadelphia 

Cleveland 

Chicago 

San  Francisco 
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lES^oW 


ARE 
NATIONAL  ELECTRICAL  CODE  STANDARD 


Habirshaw 


FOR  ALL 
SERVICE 


Wire 


ANY 
PRESSURE 


Company 


OFFICES  : 

253    BROADWAY 
NEW    YORK 


WORKS: 

YONKERS 
NEW    YORK 


HAZARD 

INSULATED  WIRES  AND  CABLES 

Every  coil  carries  a  special  tag  stating 
that  PENN  NEW  CODE  WIRES  and 
CABLES,  manufactured  by  the  HAZARD 
MANUFACTURING  COMPANY,  meet 
the  New  Code  specifications  taking  effect 
January  ist,  191 2. 


Hazard  Manufacturing  Co< 

MTILKCS-BARRE,    PA, 


NKW  YORK:    50    Dey    Street 

PITTSBURC:  CHICAGO: 

21    CoAesto^a    Bia^.        552-554  "W.  Adams  St. 
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^n 


^^Paranite 

RUBBER  COVERED 

WIRES  &'  CABLES 

ARE 
National  Electric  Coae  Standard 


For    Inside,    Aerial,  Underground,    Sutmarine 
and   Telepnone  Use. 

Manufactured  by 

1  ne  Indiana  Rubber  &r* 
Insulated   nV ire  Co. 

JONESBORO,  INDIANA  U.  S.  A. 


AN  Y^^mSmEmi 


W 


HEN    you    put 

your  money  into 
KERITE  you  make 
an  investment  in  ser- 
vice. You  do  more 
than  buy  conductors, 
insulation  and  protec- 
tion. You  obtain  the 
best  possible  combi- 
nation of  the  most  de- 
sirable qualities  in 
permanent  form. 
KERITE  remains 
long'after  the  price 
is  forgotten. 

m; 

KERITE  INSULATED  WIRE 
AND  GABLE  COMPANY 

Incorporated  by  W.  R.  Brixey 

GENERAI,  OFFICES 
Hudson   Terminal,   30   Church   Street,   New   York 

WESTERN  OFFICE 
Peoples  Gas  Building,  Chicago 


Rubber  Covered 


Lamp  Cords 


Show  Window  Cords 


Telephone  Wire 


Lowell  Insulated  Wire  Co. 

LOWELL,    MASS. 


The  High  Grade  Insulation 
The  Copper   True  to  Gauge 
The  Extreme  Softness  of  Wire 
The  Quality  and  Reliability 


M 


Of 

assa  c  h  us  etts 

AGNET  WIRE 

are  well  known 


Made  In  Cotton    Covered 

All  Sizes  Silk  Covered 

Enamel  Covered 


Massachusetts  Elec.  Mfg.  Co. 

WEST  LYNN,  MASS. 


CATALOGUE  MAILED  FREE 


All  conductors  carefully  tested 

N.  I.  R. 

Rubber   Covered   Wires 

and  Cables 

SOLID.  STRANDED  AND  FLEXIBLE 
FOR 

ELECTRIC  LlfiflT,  POWER  AND  TELEPHONE  SERVICE 

HIGH  GRADE  SPECIAL  CONDUCTORS 
OF    ELECTRICITY 

Artillery,  Naval  Portable,  Divers',  Signal  Service,  Sub- 
marine, Torpedo,  Telegraph,  Telephone,  Underground  or 
Aerial  Leaded  Cables. 

Electrolier  Wires  of  very  Small  Diameter 
Lamp   and    Switch    Cords 

Large  Stranded  Feeders,  Car  Cables 

Rlibber  Compounds  for  Insulating 

Rubber  Tubing,   Soft,  Medium  and  Hard 
Hose,  Packing,  Clothing,  Gloves- 

and    Rubber    Goods    of    Every    Variety 

ELECTRICAL  DEPARTMENT 

National  India  Rubber  Company 

FACTORY,  BRISTOL.  R.  L,  U.  S.  A. 
Sales  Office,  30  Church  Street  NEW  YORK 


>kOW/x 


TRADE      MARK 
REG.  U.  S.PAT  E  NT    OFFICE. 

The  STANDARD  for 

RUBBER 
INSULATION 

|]r  OKONITE    Wires    and 
^  Tape. 

CANDEE  Weather-proof 
Wires. 

MANSON  Tape. 

CANDEE  Pot  Heads. 

Sole  Manufacturers 

The  OKONITE  CO. 

253  Broadway,  New  York 

Willard  L.  Candee,  Pres.  Geo.  T.  Manton,  Gen.  Supt. 

H.  Darant  Cheever,  Treas.  Wm.  H.  Hodgins,  Secretary 


Roebling  Magnet  Wire 


is  carefully  drawn  and  annealed  to  pro- 
duce a  soft  wire  with  a  minimum  varia- 
tion in  gauge,  and  is  covered  with  a 
smooth  and  uniform  insulation. 

The  best  metals  obtainable  and  an  ex- 
perience of  many  years  in  wire  manu- 
facture are  combined  in  the  production 
of  this  and  other  Roebling  wires  which 
include  rubber  covered  wire,  weather- 
proof wire,  lamp  cord  and  all  other  wires 
used  for  electrical  purposes. 


John  A.  Roebling's  Sons  Co. 

TRENTON,  N.  J. 


Rome  Wire  Company 

RAILROAD   STREET 
ROME,  N.  Y. 


Large  Stock 


^'ktrt:rJt§Ffa 


TRADE    MARK 


Rubber    Covered 
Code   Wire 


PROnPT    DELIVERIES 


GET       OUR       PRICE 


STANDARD 

UNDERGROUND 

CABLE  CO. 

PITTSBURGH 

Boston  New  York  Philadelphia 

Chicago  St.  Louis  5an  Francisco 

Bare  and  Insulated 
COPPER  WIRES  AND  CABLES 


LEAD  COVERED  ARMORED 
^  CABLES 

N.  E.  C.  Standard 

RUBBER  INSULA!  ED  WIRES 

a  Specialty 

Tested  and   Stamped  by  the   Wire  Inspection 
Bureau.     Ask   and    Look   for  Oho  Qreen 
Thread  In    the    Braid    to    Identify 


COLONIAL  COPPER 
CLAD  WIRE 

FOR 
5IQNAL  WIRE  DROP  WIRE 

OVERHEAD  WIRE  TRACK  BONDS 

nanufactured  Under  OUR  OWN  PATENTS 
Solely  for  Our  Own  Trade,  and  Drawn, 
Insulated  and  Marketed  Exclusively  by  Us. 
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NEW  CODE 

RUBBER  COVERED 
WIRES 

AND^ 

CABLES 

MEET    EVERY    REQUIREMENT 

Prices  and  Quality  Always  Right 


Marion  Insulated  Wire  and 
Rubber  Co. 

MARION.    INDIANA 

CHICAGO  SEATTLE  ATLANTA 


50 


SCREW  GLASS  INSULATORS 


THE  STANDARD 
FOR  45  YEARS 


FOR  LOW  AND 
HIGH  VOLTAGES 


WITH  OR  WITHOUT 
DRIP  POINTS 


25000  Volts 


The  Brookficid  Glass  Company 

2  RECTOR  STREET,  NEW  YORK 
WORKS:  OLD  BRIDGE,  N.  J. 


EVERY  STYLE 

FOR 

EVERY  SERVICE 


SPECIAL 
DESIGNS 
DEVELOPED 


CORRESPONDENCE 
INVITED 


4000  Volts,  Extra  Deep  Groove 
Double  Petticoat 
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See  the  TEATS  on  the 
PETTICOAT 

They  take  all  the  moisture  from 
the  inner  and  outer  surface  of  the 
insulator    and    keep    the  pin  dry 


Deep   Groove 
Double  Petticoat 


Cable 


HEMINQRAY  GLASS  CO. 

Established  1848  Incorporated  1870 

COVINGTON,  KY. 
Factories   -   -    -  MUNCIE,  INDIANA 
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tbe  JIntcrican  eondult 
mffl.  Co. 

Keystone    BUg.,     Pittsburgk,    Pa. 

MANUFACTURERS    OF 

Tntcrior  Conduits 
GaK^anite,  Jfmencan  mireduct 

CONDUIT  SIZES  REQUIRED 


Rubber 

V  ■ 

<u 

Rubber 

« 

o 

(U 

Covered 

.t: 

u 

Covered 

Double 

'^ 

!^ 

^ 

Double 

'i 

j^ 

^ 

Braids 

i-i 

C4 

M 

Braids 

1-1 

c« 

eo 

No.  14  B  &  S 
No.  12  B  &  S 
No,  10  B  &  S 


8  B  &  S 

6  B  &  S 

5  B  &  S 

4  B  &  S 

3  B  &  S 

2  B  &  S 

1  B  &  S 


No. 
No. 
No. 
No. 
No. 
No. 
No.     - 
No.  1-0 
No.  2-0 
No.  3-0 
No.  4-0 

200,000  cm. 

250,000  cm. 

300,000  cm. 

350,000  cm. 

400,000  cm. 

450,000  cm. 

500,000  cm. 

550,000  cm. 

600,000  cm. 

700,000  cm. 

750,000  cm. 

800,000  cm. 

850,000  cm. 

900,000  cm. 

950,000  cm. 
1,000,000  cm. 


H    IK 


1 
1 

154 
1J4 
1/2 


1J4     2 


2 


I'A  2 

1%  2 

1J4  2 

IH  2^ 

IH  2J^ 

IJ^  2K 

IK  3 

2  3 


2^ 
2J4 
2A 

2A 


354 

3H 

854 

3  54 

354 

4 

4 

4 

4 


25^ 

254 

25^ 

25^ 

3 

3 

3 

354 

354 

4 

4 

4 

4 

4 

4 

454 

45f 

454 


1,100 
1,200 
1,300 
1,400, 
1,500; 
1,600 
1,700 
1,800 
1,900 
2.000: 


,000  cm. 
,000  cm. 
,000  cm. 
,000  cm. 
000  cm. 
,000  cm, 
,000  cm. 
,000  cm. 
,000  cm. 
,000  cm. 


2yz 
2/2' 
2/2 
3 


4 
4 

454 

454 

5 

5 

5 


Miscellaneous. 

No.lO  &  2  No.  14 
No.  8  &  2  No.  12 
No.  6  &  2  No.  10 
No.  4  &  2  No.  8 
No.  3&2N0.  6 
No.  2&2N0.  6 
No.  1  &  2  No.  5 
No.  1-0  &  2  No.  4 
No.  2-0  &  2  No.  3 
No.  3-0  &  2  No.  2 
No.  4-0  &  2  No.  1 


1 

1 

154 

154 

1% 

154 

154 

IK2 


Brand)  Offices  $ 

New  York,  39  Cortlandt  St.  Chicago,  516  W.  Monroe  St. 

Philadelptia,  1410  N.  Broad  St.     Denver,  202  McPhee  Bldg. 
San  Francisco,  579  Ho-ward  St. 
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BRAIDICT 


o 


A  perfect,  non-metallic  flexible  conduit, 
Spiral  fiber,  inner  tube,  a  real  rubber 
tape  and  a  perfect  outer  cotton  jacket 
with   the  kind  of  compound  that  lasts. 

P.  Y.  Armored  Cable 

P.  Y.  Flexible  Steel  Conduit 

You  get  every  inch  you  order,  and  it's 
all  guaranted. 

Ask  your  jobber,  or  write  us  direct  for 
discounts. 

THE  FLEXIBLE  CONDUIT  CO. 

PENN  YAN,  NEW  YORK 


o 
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CONDIIT  WORK 


\/f  ODERN  construction  makes  essen- 
■*•  tial  the  use  of  an  armor  or 
metal  protection  to  electric  wires; 
mechanical  injury  during  construction 
or  after  completion  of  the  work  causes 
such  annoyance,  expense  and  damage, 
that  the  first  cost  of  a  conduit  system 
over  knob  and  tube  work,  exposed  wir- 
ing, molding  or  non  -  metallic  tubing 
construction  is  now  considered  of  no 
consequence  when  safety  by  metallic 
conduit  protection  is  secured. 

FIRST  IN  PROTECTIVE  QUALITIES  IS 

"Galvaduct"         1 

"Loricated"     J    "'*'"  ^«"«'"»' 

"Sterling"  Flexible  Steel  Conduit 

"Sterling"  Steel  Arn^ored  Conductor 

(All  Patented) 

THEY  ARE  THE  BEST 

Literature  and  samples  upon  request 

Safcty-Armoritc 

Conduit  Company 

PinSBURGH,  PA. 
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'^Qriptite"  s 'Flexclamp" 

GROUND  CONNECTION  CLAMPS 


For  Rigid  and  Flexible 

Conduit 

National  Electrical 

Code  Standard 


Patented 


Hade  of  one  piece  of 
copper  insuring  perfect 
and  permanent  contact 
riade  for  all  Standard 
sizes  of  rigid  and  flexible 
metallic  conduit. 

Write  for  NEW  PRICES 
which  will  be  of  interest 


Pat.  Pending 


**NECO"  Wire  Gauge 

Our  IMPROVED  "NECO" 
POCKET  WIRE  GAUGE,  for  mea- 
suring wire  from  No.  18  to  No.  000 
B.  &  S.  gauge.  On  the  front  is  also 
given  the  carrying  capacity  of  cop- 
per wife  in  amperes  and  on  the  re- 
verse side  the  approx.  decimal 
equivalent  of  the  various  size  wires. 

Mailed  to  any  address  in  the 
United  States  or  Canada  upon  re- 
ceipt of  60  cents  in  cash  or  money 
order. 

riannfactared  by 

Novelty  Flectric  Company 

Wholesale  Electrical  Supplies 
50-52-54  North  4th  St.,         PBIUDELPHIA 

Agents  for  Okonite  Wires  and 
Holtzer  Cabot  riotors 
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ESSENTIALS 

FOR 

STANDARD   WIRING 


Friction 


T 


ape 


'  Guaranteed  Durability 
Reasonable  Price 
High  Grade 
Perfect  Insulation 

ALL  EMBODIED  IN  OUR 


Splicing 


Perfect  Insulation 

j^  11    Perfect  Adhesion 

Compound  1    Perfect  Safety 

(Pure  Rubber  Tape)   [  Perfect  Joint  without  Heat 

For  mending  Insulation  on  Wire  and  all  High  Tension  Work 

OUR  THREE  SELECTIONS 

"NEPONSET"-"WALPOLE"— "UNION" 


MOULDING  VARNISH 

Our  No.  4  is  Approved  by  the  Underwriters 


REASONABLE  IN  PRICE 


If  your  dealer   doesn't   handle   our  goods,  write  us 

^^itlaMGcfiu^etb6Kmica(6o. 

Walpole,  Mass.,  U.  S.  A. 

Largest  Manufacturers  of  Rubber  &   Liquid  Insulation  in  the  World 
Canadian  Sales  Office :  Eastern  Townships  Bank  Building,  Montreal 


"Diamond  H"  Switches 

AND  FLUSH  RECEPTACLES 


<S> 


PUSH  BUTTON  SWITCHES 

ROTARY  FLUSH  SWITCHES 

Rotary  Surface  Switches 

Remote  Control  Switches 


<8> 


HART  MFG.  C0„  Hartford,  Conn. 

New  York       Boston       Chicago       Pittsbargh       Denver      Toronto 


M&  M 
Shallowest 
Switch,  l/e"  deep  I 


YOU  ARE  PROGRESSIVE 

and  are  always  on  the  lookout  for 
improved  fittings  that  will  give  the 
greatest  satisfaction  to  your  custom- 
ers and  at  the  same  time  make  you 
the  most  money. 

M  &  M  Fittings 

are  increasing  the  business  and  the 
profits  of  thousands  of  contractors — 
they  will  increase  yours. 

5  Years  of 
Switch  Manufacturing 

brim    full    of    telling    improvements 
and   perfections    that  point  out 

M  &  M  SWITCHES 

AND  RECEPTACLES 

as   of   paramount   superiority. 

Switches    superior    in    mechanical    and   electrical    features, 

such  as  sturdy  porcelain  covers — corners  will  not  chip. 

Mechanism  of  greater  endurance  by  heavy  metal  parts. 

Positively  permanent  alignment  of  lock  action. 

One  piece  terminal  and  contact  combined. 

Mechanism  paint  and  dirt  proof  by  fibre  cap. 

WRITE  AT  ONCE 

for  catalogue  of  our  specialties — 
Flush  Push  Button  Switches,  Flush 
Receptacles  and  Plugs,  Flush  Screw 
Receptacles,  Steel  Wall  Cases,  Iron 
Conduit  Boxes,  Waterproof  Floor 
Outlets,  Indicating  Heater  Recep- 
tacles, Vacuum  Outlets. 

Machcn   &   Mayer 
EIcc'l  Mfg.  Co. 

PHILADELPHIA.  PA.  ^.^Jpt^^rpl.c. 
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30  Amp..  250  Volt. 
Double  Pole, 
Cat.  No.  7251 


The  Ideal  Mill  Switch 


must  successfully  combat  extreme 
conditions  and  the  roughest  kind 
of  handling. 

"DETROIT" 

Ironclad  Fused 
Switches 

not  only  make  good  on  mill  work, 
either  motor  or  lighting  circuits,  but 
repeatedly  save  their  cost  by  prevent- 
ing accidents  and  shut  downs.  They 
are  a  permanent  investment,  eliminating 
the  fire  hazard,  and  are  also  recom- 
mended for  mines,  railroads,  packing 
houses,  laboratories,  or  any  place  where 
a  "Foolproof,  Fire-proof,  Fumeproof" 
switch  is  necessary. 

Completely  Illustrated  Catalog 
mailed  on  request. 


Switch  open,  showins 
spring  mechanism 


Are  you   specifying  *'Arkless" 
Guaranteed  to  Indicate  Fuses  ? 

Detroit  Fuse  &  Mfg.  Co. 

DETROIT,  MICH. 

New  York  City         Philadelphia         Boston         Chicago         St.  Louis 
Birming:ham       Portland        I^os  Angeles        San  Francisco 


Penn.  Electrical 

and 

Manufacturing  Co. 


Penn. 
Switches 
Switch  Boards 
Panel  Boards 
Panel  Cabinets 


WATER  STREET,  IRWIN,  PA. 


FRANK  ADAM 

Electric  Co. 

ST.  LOUIS,  MO. 

Manufacturers  of 

!„Ts°P^S?AL  PANEL  BOARDS 

and 

CABINETS 
^^^K'c?n'n  Knife  Switclies 

A.  C.  and  D.  C. 

SWITCH  BOARDS 

LIGHTING    FIXTURES 


Send  for 
NEW  CATALOGUE 


Trumbull  Switches 


Type  "A"  Switches.     15-5000  Amp. 

We  also  maktt  Type   "C"   Punch   Clip   Switches   and   the 
30  Amp.  '"Kappa"  Switch. 


Large  Sized  Switches  a   Specialty. 

Panel  Boards,  Switch  Boards  and  Cabinets 

Gomb.  Switches,  Panel  Cutouts,  Plug 
Cutouts,  Slate  Base  and  Porcelain  Fuse 
Blocks,  Rosettes,  Iron  Service  Boxes, 
Ironclad  Switches,  Battery  Switches, 
Porcelain  Base  "B"  Switches,  Flush  and 
Conduit  Receptacles.  W.  P.  Sockets, 
Panel  Parts,  Wire  Connectors,  Attach- 
ment Plugs,  Moulding  Branch  Blocks, 
Moulding  Receptacles,  etc.,  etc.,  etc. 


WRITE  FOR  No.  8  CATAI.OGDE  AND  HOUSE 
ORGAN  "TRUMBUIvI*  CHEER" 


The  Trumbull  Electric  Mfg.  Co. 

PLAINVILLE,  CONN. 

New  York,  114-118  Liberty  St.        Boston,  76-78  Pearl  St. 
Phila.,  138  No.  10th  St.  San  Fran.,  84-88  2d  St. 


imp 


LL- 


Cartridge  Fuses 
and  Cut-Outs 

Are  UNEQUALED  for 
Accuracy,  Reliability  and  Appearance 

DESIGNED   FOR 

Lighting,  Power,  Railway,  Signal,  Heating, 
Telephone  and  Telegraph  Circuits 


"DELTABESTON" 

MAGNET  WIRE 

Insulated   with   Pure   Asbestos 

Protects  all  apparatus  liabla  to  be  subjected  to  severe  overload. 
HEAT  PROOF  (Patented)  MOISTURE  PROOF 


D  &  W  FUSE  CO. 
Providence,  R.  I. 


ENCLOSED  FUSES  &  BLOCKS 


All  Our  Products 

Made   in   accordance    with 
Underwriters'   Specifications 

and  carried  on  the  List  of 
Approved  Fittings. 
"UNION" 

Sectiiitl  Switch 
loxes 

Patintei  Apr.M907 

Equipped 
with  Rever- 
sible and 
Sliding  Ears 
for  Old  and 
C  C"  Single,  2K^Meep   ^^"^   WOrk..-^         "CC"2Gaiia: 

ifeS^^^    All  "Union"  Sectional  Boxes  may 

be   builtt  up  from   Single  or  2 

Gang  Box  by  aid  of  spacers. 

^      Takes  all  makes  of  Switches 

and  Receptacles  made  in  depths 

..  ^ ^  „  ^  from  2  inches  to  3 ^  inches. 

t,  C     Spacer 

"UNION" 

Conduit  Boxes  and  Covers 

The  most  complete  line  now  on 

the  market 

A  Box  and  Cover  for  every 

requirement 

CHICAGO   FUSE   MFG.  CO. 

CHICAGO       AND       NEW  YORK 
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USE 


Elbli  jht  Lamps  and  Cables 

BEST    FOR 

ELECTRICAL  DECORATIONS 

EASY  TO  INSTALL    EASY  TO  TAKE  DOWN 
ECONOMICAL  AND  ARTISTIC 


'''*J«*W^it«OBte« 


fold  or  Rented  at  Attractive  R.ates 

Send  for  Illustrated  Catalog  and  Revised  Price  Ivist 

ELBLIGHT  COMPANY  OF  AMERICA 

Electrical  Decorators 
120  West  31st  Street  NEW  YORK  CITY 


J-M  Electrical  Supplies 

J-M  Linolite  System  of  Eleetric  Lighting 

J-M  Dry  Batteries  J-M  Battery  Connectors 

J-M  Battery  Ammeters 

J-M  Porcelain  and  Glass  Insulators 

Giant  Strain  Insulators 

J-M  Immovable  Guy  Anchors 

JOMANCO     ^^H^L  J-M 

Friction  M^^^^  PHOENIX 

Tape  SHL^^^JHIH  Splicing 

SOLDERALL   mfcJBBM^  Compound 


J-M   Niagrite   Fireproof   Cable   Insulation 

J-M  Electrobestos  Insulation 

Moulded  Mica  Weatherproof  Sockets 

"Noark"  Enclosed  Fuse  Devices 

J-M  Ebony  Transite  Asbestos  Wood 

J-M  Fibre  Conduit,  etc. 


Write  nearest  Branch  for  Catalog  No.  15 

H.  W.  JOHNS-MANVILLE   CO. 

MANUFACTUIEIS  OF  t<B(STOS      S-K^S'^TS\J^s  ASBESTIS IIOFINIS.  PACIIN6S 
AMI  MAGNESIA  PRODUCTS         M.^JUL'OrHJ^''        ELECUCAL  SURPLUS  ETC. 

Baltimore    Cleveland     Kansas  City    Minneapolis  Omaiia  San  Francisco 

Boston         Dallas  Los  Angelei    New  Orleans  Philadelphia    Seattle 

Chicago        Detroit         Milwaukee       New  York  Pittsburgh        St.    Louis 

Far  Caiadi:  TIE  CANADIAI  H.  W.  JIMS -MANVILLE  CI.,UIIITED. 

Toronto.   Ont.  Montreal.   Que..  Winnipeg.   Man.,       Vancouver.  B.  C. 
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XJCE30 

REFLECTORS 


EVERY  STEP 
in  the  manufacture 
of  LUCEO  shades 
and  reflectors — from 
the  "mix"  of  the 
glass  to  the  finish 
of  the  product — is 
designed  with  the 
single  view  of  com- 
bining highest  effi- 
ciency with  beauty. 
Prove  to  yourself 
that  we  succeed  in 
doing  this  by  testing 
LUCEO  under  con- 
ditions of  actual 
use.  Because  the 
entire  surface  is 
diffusive  LUCEO 
presents  a  soft  and 
pleasing  appearance 
— a  rich  warm  glow 
—and  yet  at  the 
same  time  the  light  is  scientifically  distributed  as  proved 
by  distribution  curves  made  by  the  National  Testing  Labo- 
ratories. LUCEO  gives  you  the  benefit  of  all  the  light 
on  account  of  its  remarkably  low  co-efficient  of  absorption. 
We  want  you  t.o  feel  the  same  satisfaction  experienced  by 
dealers  who  are  now  handling  LUCEO  and  therefore  ask 
you  not  to  delay  writing  us.  We  will  send  you  data  that 
will  fully  inform  you  of  the  merits  of  this  newer,  better, 
handsomer  ware.    Prices  will  merit  your  consideration. 

"LUCEO  looks  as  zvell  ivith  the  Light  turned  off  as  on." 

JEFFERSON   GLASS   CO. 

FOLLANSBEE  -  -  WEST  VIRGINIA 


> 


[ 


Phoenix  Globes 

and 

Reflectors 


10739>^ 


There  are  no  other  inner  or  outer 
arc  lamp  globes,  or  tungsten  reflect- 
ors, or  gas  and  electric  fixture  globes 
that  give  as  much  satisfaction  and 
pleasing  service  as  do  **  Phoenix 
Quality.''    

Use  "  Pheno  '*  Tungsten  Reflectors 
for  the  most  beautiful  soft  light 
giving    the    strongest    illumination. 

Catalogue  on  Request 


Be  Sure  You  re 

Right  By 

Getting 

"Phoenix  Quality" 


The  Phoenix 
QIass  Co. 

NEW  YORK         BOSTON 
CHICAGO      PITTSBURQH 


T.  B.  "Pheno' 
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"IRIS" 
"VELURIA" 


"NOBLAC" 
"CLEARCUT' 


^ 


Tke   Fostoria   Glass    Specialty  Co.,   Fostoria,  Okio 
"MIXERS  OF  GLASS  AND  SCIENCE" 
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REFLECTORS 


EFFICIENCY 
ARTISTIC  EFFECT 
SCIENCE  and 
DISTINCTIVENESS 


No.  1230 

are  embodied  in  Haskins-Lucida  reflectors,  spheres 
and  hemispheres.  Lenticular  reflectors  for  high 
efficiency  are  acknowledged  the  best.  In  addition 
to  the  scientific  lines  of  reflectors,  namely,  Has- 
kins-Lucida and  Lenticular  we  make  a  complete 
line  of  illuminating  glassware  in  cut,  etched, 
roughed  inside,  etc.,  etc. 

THE  HASKINS  GLASS  CO. 

WHEELING,  W.  VA. 

BRANCHES 
New  York        Philadelphia        Chicago  Atlanta        Los  Aagelca 


71 


STANDARD  FIXTURES  FOR 
STANDARD  WIRING 

^i  HIGHLAND  f/' 

ELECTRIC  AND  COMBINATION 
FIXTURES 


^07^  The  same  methods  as  used 
VAiO  ^^  ^^  manufacture  of  our 
^^^•^  portables  are  adopted  in 
these  fixtures  and  when  shipped  they 
will  be  mechanically  correct,  plumb 
and  square. 

These  fixtures  are  winners^^  and 
prices  low.  Line  includes  fixtures 
of  all  kinds,  Tungsten  fixtures, 
showers  and  brackets. 

Write  for   illustrations   and  mention 
''Highland'"   Line 


THE  GOODWIN   &  KINTZ  CO 

WINSTED,    CONN. 
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THE 

Only   Circuit  -  Breaker 
Lightning  Arrester 

Small  Air  Gap 
Low  Resistance 
The  Circuit-Breaker 

It  is  the  circuit-breaker  used  in  combin- 
ation with  a  small  air  gap  and  a  low  series 
resistance  that  has  given 

Garton-Daniels  Lightning  Arresters 

their  well  known  characteristics  of  efficiency,  reliability  and 
durability. 

It's  imall  air  gap  distance  and  low  series  resistance  that  make  them 
efficient,  affordmg  an  easy  path  from  line  to  ground  for  any  static  or 
lightning. 

It's  the  circuit-breaker  that  makes  them  retiabUf  with  this  positive 
means  for  cutting  off  the  flow  of  line  current  following  a  discharge  to 
earth,  grounds  and  short-circuits  due  to  lightning  are  practically  unknown. 

And  the  proof  that  they  are  durahte  is  found  in  the  absolute  satis- 
faction they  give  and  are  giving  wherever  used. 

Garton-Daniels  Arresters  are  made  for  voltages  up  to  1300  D.  C. 
and  up  to  20.000  A.  C,  and  are  sold  by  jobbers  generally  throughout 
the  Uqited  States,  and  the  Dominion  of  Canada. 

Buttetins  on  request* 

Electric  Service  Supplies  Co. 

FHII^ADKLPHIA  CHICAGO 

NCW  YORK:   HtidaoA   Terminal 


"MEGGERS 
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The  U.  S.  Govt,  has  adopted  the  "megger-method"  for 
testing  insulated  wires  and  cables;  and  prominent  super- 
vising and  operating  engineers  are  using  it. 

All  wiring-jobs  should  be  tested  with  a  megger,  when 
new — and  all  old  installations  should  be  tested  periodically, 
to  determine  whether  they  are  safe  fire-risks. 

Full  particulars  as  to  Meggers-and-what-they-will-do 
are  given  in  our  illustrated  catalogue  737.  Every  Wiring- 
Contractor  and  every  Electrical  Engineer  should  have  a 
copy.     Mailed  free  upon  request. 

JAMES   G.   BIDDLE 

Electrical  Measuring  Instruments 
1211.13  ArcK  St.,   PHiladelpKia 


INSTRUMENTS 

A  Full  Line  of 

Alternating  Current  Switchboard 

Indicatlns  Instruments 

Is  Offered  by  this  Company,  comprising 

WATTMETERS    Single    and    Polyphase,      POWER 

FACTOR   METERS.  FREQUENCY  METERS, 

SYNCHROSCOPES,  VOLTMETERS, 

AMMETERS 

And  New  Models  of  Weston  D.  C.  Instruments  to  Match 

This  whole  gioup  of  instruments  embodies  the  results  of  sev- 
eral years'  exhaustive  study  and  scientific  investigation  of  all  the 
complex  electrical  and  mechanical  problems  involved  in  the  develop- 
ment of  durable,  reliable,  sensitive  and  accurate  instruments  for 
use   on   alternating   current  circuits. 

Elvery  detail  of  each  of  these  instruments  has  been  most  care- 
fulTy  studied  and  worked  out  so  as  to  be  sure  that  each  shall  fully 
meet  the  most  exacting  requirements  of  the  service  for  which  it  is 
intended.  Neither  pains  nor  expense  has  been  spared  in  the  effort 
to  produce  instruments  having  the  longest  possible  life,  the  best 
possible  scale  characteristics,  combined  with  great  accuracy  under  the 
most  violent  load  fluctuations  and  also  under  the  many  other  trying 
conditions  met  with  in  practical  work.  Every  part  of  each  instru- 
ment is  made  strictly  to  gauge,  and  the  design  and  workmanship 
and  finish  are  of  the  highest  order  of  excellence. 

We  invite  the  most  critical  examination  of  every  detail  of 
each  member  of  the  group.  We  also  solicit  the  fullest  investiga- 
tion of  the  many  other  novel  features  and  very  valuable  operative 
characteristics  of  these  new  instruments  and  request  a  careful 
comparison  in  all  these  respects  with  any  other  makes  of  instruments 
intended  for  like  service.  We  offer  them  as  a  valuable  and  per- 
manent contribution  to  the  art  of  electrical  measurement.  Their 
performance  in  service  will  be  found  to  justify  the  claim  that  no 
other  makes  of  instruments  approach  them  in  fitness  for  service 
required   from   A.    C.    Switchboard   indicating  instruments. 

Full  particulars  of  design,  construction,  prices,  etc.,  are  .given 
in  Catalogue  16.     Write  for  it. 

MAIN  OFFICE  AND  WORKS,  NEWARK,  N.  J. 

New  York  Office.  114  Liberty  St. 

CLEVELAND  .    .     .    Ambos-Cudmore   Co.,   1522-6   Prospect  Avenue 

SAN  FRANCISCO 682-684  Mission  Street 

LONDON  BRANCH    .        .      .     Audrey  House,  Ely  Place,  Holborn 

PARIS,  FRANCE E.  H.  Cadiot,  12  Rue  St.   Georges 

BERLIN,  Weston  Instrument   Co.,  Ltd.,   Schoneberg,  Genest   Str.,   5 


ACCURATE 


COMPACT 

INEXPENSIVE 


Voltmeters,  Ammeters 
and  Volt-Ammeters 


PORTABLE  AND  SWITCHBOARD  TYPES 

FOR  ALTERNATING  AND  DIRECT 

CURRENT. 


Our  New  Model  Portable 
Meters  fit  the  pocket  in  size  and 
price,  but  are  large  enough  for 
practical  use.  They  are  3  1  -4 
inches  wide,  4  1  -2  inches  long 
and  1  1  -4  inches  deep  and  are 
three  times  the  size  of  the  cut. 


Our  New  Switchboard  Instruments  are  5  inch  Diam- 
eter and  Low  in  Price.  They  are  nicely  finished,  pre- 
sent an  attractive  appearance,  and  save  money  and 
space  on  small  boards. 

Send  for  complete  Catalog  and  ^Directions  for  Testing 

L.    M.    PIGNOLET 

Cor.  Cortlandt  and  Washington  Streots 
NEW  YORK,   N.  Y. 


2^"  Type 


Portable  Type 


A  distinguishing,  we  might  almost  say  exclusive, 
feature  of  the 

HOYT  yni^ 
Ammeters  and  Voltmeters 

is  their  extreme  flexibility,  adapting  them  to  prac- 
tically every  use  required  in  modern  practice. 

Ask  for  Butteiin  1912 

Hoyt  Electrical  Instrument  Works 

PENACOOK,  N.  H. 


6"  Type 


Multicircuit  Voltmeter 


837 


If  ypu  would  like  Real  Information 

about  the  design  of  Small 
DIRECT  CURRENT  MOTORS 

Send  for    Bulletin    142  Z. 

CROCKER-WHEELER  CO. 

Ampere,  N.  J.,  Birmingham,    Boston,    Chicago, 
Cleveland,  Denver,  Detroit,  Newark,  New- 
Haven,    New  York,    Philadelphia,   Pitts- 
burgh,   San   Francisco,    Syracuse. 
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RIDQWAY 


M 


ENOINE» 

are   built   in  the  following  types: 

SIDE   and    CENTER    CRANK, 

SINGLE  and  FOUR  VALVE, 

SIMPLE,  TANDEM  and  CROSS  COMPOUND. 

Because  of  their  quiet  operation,  reliability,  close 
regulation,  ease  of  maintenance  and  repair  they 'are 
splendidly  adapted  to  the  requirements  of  office  build- 
ings, hotels  and  any  light  and  power  installation  where 
satisfactory  and  efficient  service  is  desired. 

GENERATORS 

can  be  furnished  for 

DIRECT  or  ALTERNATING  CURRENT  in 

BELTED  or  DIRECT  CONNECTED  TYPES. 

Our  generators  are  highly  efficient  and  sparkless  at 
all  loads. 

All  machinery  is  given  a  thorough  running  test 
before  shipment. 

RiDGWAY  Dynamo  & 
Engine  Co. 

RIDGWAY        -        -  PENNSYLVANIA 


Robbiws  &,  Mvcrs 
"iTAWAW'Hotors 


The  "Standard"  Power  Mo- 
tors are  made  in  an  exceptionally 
comprehensive  variety  of  frames, 
for  all  kinds  of  work,  for  all  di- 
rect current  circuits  and  in  sizes 
up  to  and  including  20  H.  P. 
Tliis  line  comprises  motors  of 
the  open,  gauze  enclosed  or 
solid  enclosed  style.  They  are 
also  supplied  on  special  order 
for  vertical  operation,  back 
geared,  variable  speed,  with  in- 
tcrpoles,  with  or  without  the 
popular  round  rod  style  of  slid- 
ing base  which  is  a  distinctive 
feature  of  this  line  of  machines. 
In  short  the  "Standard"  Motors 
are  universally  adaptable  to  any 
possible   requirement   for   siiiall   motor   application. 

The  same  line  of  frames  is  also  extensively  used  for  the  building 
of  small  Generators,  either  wound  for  the_  standard  generator 
voltages,  or  for  low  voltages  required  for  charging  storage  batteries. 

^STANDARD  Fans 

A  thorough  line  of  D.  C.  and  A.  C.  Fans  is  offered  in  our  types  of 
Ceiling  Fans,  Desk  Fans,  Bracket  Fans,  Oscillating  Fans,  Exhaust 
Fans,    in   a   comprehensive    selection    of   styles    and   sizes. 

With  these  the  dealer  can  supply  a  fan  for  everyone — in  the 
store,  office,  factory  or  residence. 

THE  ROBBINS  &  MYERS  CO. 

MANUFACTUREKS 
Factory  and  General  Offices,  Springfield,  Ohio 

New  York:  145  Chambers  St.  Philadelphia:    1011   Chestnut  St. 

Chicago:  320-321  Monadnock  Blk.        Boston:   17G  Federal  St. 
Rochester:   33  Exchange  St.  St.   Louis:   131S  Pine  St 

Agencies   in   all  Principal   Cities. 
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Emerson  Fan  Motors 

For  Direct  and  Alternating  Currents 


Swivel-Trunnion  Fans 

Oscillating  Fans 

Ceiling  Fans 

Column  Fans 

AIL  popular  sizes  and  styles  as 
well  as  distinctive  types  for  special 
conditions.  Very  quiet  types  for 
residences  and  hotel  bedrooms. 


Small    Motors 

For  all  Light  Power  Purposes 


Alternating  and  Direct  cur- 
rent motors  in  sizes  one  h.p. 
and  smaller  only.  Special 
types  developed  to  fit  individ- 
ual needs.  Regular  types  car- 
ried in  stock  and  shipped 
promptly. 


'Bulletins  and  Catalogues  Free  to  the  Trade 

The  Emerson  Electric  Mfg.  Co. 

2024-2032  Washlnston  Ave.  St.  Louis,  Mo. 

Eastern  Ofl&ce.  50  Church  St.,  New  York  City 
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INTER-POLE 
MOTORS 


CONSTANT  OR  ADJUSTABI.E  SPEED 
RATINGS   k   to   150   H.  P. 


SPEED  RATIOS  UP  TO  1  TO  6 
ABSOLUTELY  NO  SPARKING 
HEAVY  OVERLOAD  CAPACITY 
RUGGED  MECHANICAL  CONSTRUCTION 
RING  OILER  OR  BALL  BEARINGS 
HIGH  EFFICIENCY. 


'Wrrite  for  Bulletins  3e-37-39-A 
REPIMiSENTATlVES    ^WANTED 

ELECTRO-DYNAMIC  CO 

BAYONNE,  N.J. 


GASAND  GASOLINE  ENGINES 


produce  electric  current  at  a  lower  cost 
than  by  steam  and  cheaper  than  other  makes  of 
internal    combustion  engines. 

They  are  world  renowned  for  fueF  economy  and 
low  cost  of  up-keep. 

Our  throttling  governor  and  special  electric  types 
operate  with  such  close  regulations  that  we  guaran- 
tee that  the  regularity  of  the  engine  will  be  such 
that  the  variation  in  voltage  will  not  exceed  2  per 
cent,  under  changing  load  from  one-third  to  full  load. 

Send  for  Catalogue  No.  28  and  Bulletin  No.  9. 

THE  OTTO  GAS  ENGINE  WORKS 

3417    Walnut   St.,    Phila.,  Pa. 


"SERVICE" 

Gasoline  Electric  Plants 


4  H.  P.  Special  Electric  Gray  Motor  and  2  K.  W.  Rochester  Dynamo 

{Moving"  Picture  Shows, 
Country  Residences, 
Yachts,  Etc. 

Steady  and  Reliable  as  a  Steam  Engine  Set 

2-3-4  and  6  K.  W.  sizes.  60  volts  to  160  volts 

MONEY  BACK  IF 
NOT  SATISFACTORY 

Rochester-Electric  Motor  Co. 

10-20  Dewey  Ave..  ROCHESTER.  N.  Y. 

Manufacturers  Direct  Current  Dynamos  and  Motors 

Represented  in  New  York  City  by 

CARNAHAN  &  DALZELL,  NASSAU  AND  JOHN  STREETS 


TIME  SWITCHES 


LIBERAL  DISCOUNT  TO   DEALERS 

The  "National"  is  the  first  to  combine  a  reliable  Time- 
Switch  with  an   ornamental  Time   Piece.  ^ 

Large  12-inch  timing  dial;  two  switch  dials  showing 
plainly  "On"   and  "Off,"   "A.   M.,"   "P.   M." 

Time  Piece  is  a  strong,  reliable  8-day  Pendulum  move- 
ment. Time-Switch  2-way,  8-day,  quick  make  and  break. 
Cases  handsomely  finished  in  Oak,  Mahogany  or  Walnut. 
Is  an  ornament  and  accurate  Time  Piece.  Thoroughly  in- 
spected  and  tested  before   shipped. 


Prices 


With  Time   Piece $30.00 

Without  Time  Piece $23.00 


NATIONAL  TIME-SWITCH  CO. 

South   Bond,  ind. 
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Lighting  Specialties 


Cutter's  Boulevard  Telescope  Bracket 
with  22-inch  Tungsten  Hood 


Cutter's  Cable  Grip  Suspension  Streethood 


GEORGE    CUTTER    CO. 
South  Bend,  Indiana 


BURNLEY  SOLDERING  PASTE 

Will  Not  Corrode 

Especially  adapted  for  all  kinds  of  ELECTRICAL  WORK 

Put  up  in  2-oz.,  4-oz.,  K.  1,  5  and  10-lb.  pkgs     Also  bulk. 

PATENTED  AUGUST  9,  1898 

BURNLEY  SOLDERING  STICK 

**The  Construction  Man's  Friend** 


ASK 

US 

FOR 

SAMPLES 


^Mili 


OUR  GOODS 

CARRIED 

IN  STOCK 

BY 

LEADING 

SUPPLY 

HOUSES 


BURNLEY  SOLDERING  SALTS 

Strictly  Non^Corrosive 

Put  up  in  %  and  1  -lb.  bottle* 

BURNLEY    DRY    BATTERIES 

For  Open  Circuit  Work 


THE  BURNLEY  BATTERY  &  MFG.  COMPANY 

North    East,    Erie    County,     Pcnn.,    U.    5.    A. 


3/felN- 


Cut  V2   Full  Size 

Some  Advantages  of 

UNIVERSAL  INSULATORS 

HIGH  INSULATION  assured,  even  in  damp 
places,  by  the  corrugated  porcelain  surfaces  be- 
tween the  wires,  ceiling  and  lag  screw. 
CONVENIENT  because  fastened  with  only 
one  lag  screw  isA  x  6  in.)  which  can  be  attached 
to  narrow  surfaces,  as  beams,  joists,  etc. 
ECONOMICAL  to  use  because  cheaper  than 
brackets  and  petticoat  insulators  and  more  easily 
attached. 

UNIVERSAL  INSULATOR  No.  1003  offers 
a  novel  form  of  construction  intermediate  between 
knob  and  bracket  work. 

Thousands  in  use  in  stockyards,  breweries,  fac- 
tories, etc. 

Write  for  Prices  and  Circular  No.  W03-C 

UNIVERSAL  SPECIALTY  COMPANY 

120  A  South  Seventh  Street,  TERRE  HAUTE,  IND. 


The  SIMPLEX 


Magneto     Watchman's     Clock 
APPROVED  BY  UNDERWRITERS 


STYLE  A,   CAPACITY  25   STATIONS 
The  Record  is  made  on  a  rectangular  straight  ruled  24  hour  sheet. 

Requires    no    attention    on    Sundays    and   Holidays. 
Compare  it  with  the  common  12  hour  round  dials.     Ask  for  Catalog. 

SIMPLEX  TIME  RECORDER  CO. 

1-4  Sanborn  Street  GARDNER,  MASS. 


=  ECONOIVIY=- 

RENEWABLE    CARTRIDGE 

FUSES 


65  to  600  Amp.  N.  E.  Code  Std. 

SAVE    75% 

OF   YOUR   ANNUAL  FUSE    EXPENSE 

The    only    renewable    cartridge    fuse    on    the 
market    that    meets    the    specifications  .  of    the 

NATIONAL     BOARD    OF    FIRE    UNDER- 
WRITERS 

Can  be  easily  and  cheaply  renewed  without  re- 
turning to  the  factory.     No  soldered  connection 
— last   forever, 
teed. 


Underwriters'   ratings   guaran- 


LOOK  FOR   THE   GRAY  SHELL" 


lyink  Renewal 

Ask  your  dealer  for  prices  and  data  or  write 
us  direct. 

Beware  of  imitations  using  lead  fuse  wire  for 
re.newals — they  are  dangerous. 

ECONOMY    FUSE    &    MFG.   CO. 

INCORPORATED 

PITTSBURGH,    PA. 

LICENSED   UNDER   MALLORY   PATENTS 


Dossert  Solderless  Connectors 


^  2-Way   Type   A,    Showing  Details 

Dossert  Connectors  eliminate  entirely  the  use  of  solder  in  mak- 
iiag  electrical  connections  and  splices,  and  are  approved  for  use 
without  solder  by  the  National  Board  of  Fire  Underwriters  for  all 
classes  of  wiring. 

By  their  use  much  labor  is  saved  and  splices  obtained  that  will 
withstand  any  overload.  Many  careful  tests  show  that  a  splice 
made  by  means  of  a  Dossert  Connector  will  not  heat  as  much  as 
the  cable   which   it   connects   when   the   cable   is   heavily   overloaded. 

Type  A  Connectors  are  for  use  on  cables,  stranded  or  solid  wires, 
rods  and  tubing.  They  are  simple  and  effective,  and  by  their  use 
splices  can  be  quickly  made  in  conductors  of  any  size.  Type  A 
Connectors  however,  should  not  be  used  on  a  cable  that  is  to  be 
subjected   to    heavy   tensile   strains. 


Part  Cross-sectional   View  of  Type  B   2-Way 

Type  B  Connectors  are  for  use  on  stranded  wires  or  cables  only, 
and  are  designed  to  make  a  joint  which  will  withstand  heavy  tensile 
strains.      They   are   not   made   for   wires   smaller   than   No.    0. 

The  Cable  Tap  is  used  to  connect  a  branch 
wire,  rod,  or  bleeder,  to  a  main  wire,  rod  or 
feeder.  It  does  not  splice  the  main,  but  simply 
clamps  on  to  it.  Branch  wire  is  connected 
^o  cable  tap  by  means  of  a  nut  and  sleeve  as 
shown   in   cut. 

With  Dossert  devices  any  combination  of 
different  sizes  of  cables,  stranded  and  solid 
wires,  rods  and  tubing  can  be  connected  to- 
gether. The  cable  tap  will  tap  from  any  size 
main  to  any  size  branch.  Lugs  of  all  kinds, 
front,  back,  angle  and  swivel;  insulated  con- 
nectors, two-ways,  three-ways,  equalizers,  cable 
anchors,  reducers,  elbows,  Y's,  service  box  lugs 
and  plugs,  grounding  devices  "and  stud  con- 
nectors •  for  threaded  rods  and  flat  strips  or 
blocks. 

Send  for  Catalogue  Number  Five. 

DOSSERT  &  COMPANY 


242  WEST  41st  STREET, 


NEW  YORK,  N.  Y. 


\ 
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''Order  by  Name*' 

ALPHADUCT 


Meets  with  in- 
stant approval  of 
Architects,  En- 
gineers, Con- 
tractors and  In- 
spectors. 

Send  for  cata- 
logue. 


Combines  per- 
fect flexibility 
of  conduit  with 
strength  and  so- 
lidity    of     wall. 

Easiest  to  "Fish." 

Try  it  and  prove 
it. 


THE  HIGHEST  ACHIEVEMENT  IN  THE  ART 
OF  INTERIOR  CONDUIT  CONSTRUCTION 


Inner  lining  of  heavy 
canvas. 


Water-proof  coating. 


Hard  fibre  cord. 


All     intersects     filled 

with    special 

compound. 


<-    Outer  jacket. 


<—     Outer  coating, 
protection  against 
dampness   and 
abrasion. 


Finished  Conduit. 


ALPHADUCT  CO., 


136  CATOR  AVE. 

JERSEY  CITY,  N.  J. 
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Candescent  L7\A\p  6^ 


CA',DESCENT  EL&CTRfC  L-'.MPS 

^Of;A■l.  SYSTEMS 

STL0U15M0. 


COLUMBIA  is  Supreme 


WHY? 


'  Highest  Progressive  Quality 
Promptest  Delivery  Service 
Most  Comprehensive  Line  of 

(^  Regular  and   Special  Lamps. 


"\\njatever  lamps  your  service  demands,  we  have  them 
in  stock,  ready  to  ship.  This  book  contains  interesting 
data  concerning  lamps  and  illumination  (page  103)  and 
our  office  and  Engineering  Department  will  gladly  assist 
you  in   designing  and  laying  out  illumination. 

Columbia  manufactures  and  stocks  Columbia  Mazda, 
Tantalum,  Gem  and  Carbon  Lamps. 

The 

Columbia  Incandescent    Lamp  Co. 

(established  1889.) 
Main   Office : 

Suite  507,  Equitable  Bldg.,  ST.  LOUIS,  MO. 

Branch    Offices    (Lamps   in   Stock) 


New  York  : 

225  Fifth  Ave. 

Boston  : 

178  Devonshire  St. 

Philadelphia  : 

639-641    Bourse  Bldg. 

Memphis  : 

Randolph  Bldg. 


Chicago  : 
320-326  So.   Fifth  Ave. 

Minneapolis  : 

909    Security   Bank   Bldg. 

Dallas  : 

713  Elm  St. 

San  Francisco: 

579  Howard  St. 
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SINGLE  PANEL  6000  AMPERES 


TYPE  "C"  PANEL  BOARD  SWITCH 


Walker  Electric  Company 

Nobel  &  24th  Sts.,  PHILADELPHIA 

NEW  YORK.  39  Cortlandt  St.  PITTSBURGH,  Park  Bldj. 

CHICAQO,  nonadnock  Block  BOSTON,  84  State  5t. 

BIRHINGHAn,  ALA.,  W.  L.  Upton  &  Co. 


1)G 


Switch  Boards 

for  every  service,  alternating  and  direct 
current  from    125  volts  up. 

Panel  Boards 

Two  styles  of  switches,  each  made  in  four 
sizes.  We  use  adjustable  corner  braces 
of  the  latest  improved  type. 

Switches 

of  all  kinds  and  sizes — knife  with  lamina- 
ted and  round  studs — instrument  switches 
with  laminated  contacts,  etc. 

Bulletins  about  details.     Ask  our  nearest  office. 


Walker  Electric  Company 

Nobel  &  24th  Sts.,  PHILADELPHIA 

NEW  YORK.  39  Cortlandt  St.  PITTSBURGH,  Park  Bldg. 

CHICAGO,  Honadnock  Block  BOSTON,  84  State  St. 

BIRMINQHAn,  ALA.,  W.'L.  Upton  &  CO. 
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...BUY... 

MALDEN  LAMPS 

and  SAVE  6  or  7  CENTS  on  EVERY  LAMP  you  use 


GUARANTEED 

TO  HAVE 

SAME  LIFE 
SAME  BRILLIANCY 
SAME  EFFICIENCY 

As  Any 

CLASS  A 

Lamp  Made 

THIS  MEANS 

# 

That  you  can 
send  us  your 
order  to-day  and  if 
"Maiden"  lamps 
do  not  do  all  that 
is  claimed  for 
them, 

SEND    THEM    BACK 

AND 

TEAR  UP  THE   BILL 

state    voltage    and    candle 
power  required 


Renew  Lamp  Company 

138  State  Street,  Boston 
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DUNTON     TREE  INSULATORS 

*^  ^^  i  ^     *    ^^  »  ^  PATENTED 

THE    ADOPTED   STANDARD 
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Cut  shows  insulators  installed  in  Arlington,  Mass.,  by  the  Edison 
Electric  Illuminating  Co..  of  Boston. 

Wire  ties  in  solid  to  glass^ 

Swinging  arm  allows  for  motion  of  tree* 

Glass  Screws  on  standard  Locust  Pins* 

WRITE  FOR  DESCRIPTIVE  CIRCULAR 

Dunton  (&  Field 

117  riain  St.        Cambridge,  flass. 
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TTC  TUNGSTOLIERS 


l^.-^^^Jk 


They  are  easily  and  quickly  sold  because  each 
fixture  is  displayed  alone.  TTC  Tungstoliers  are 
made  on  the  sectional  plan  with  separate  body, 
arms,  etc.,  which  are  instantly  taken  apart  or  as- 
sembled. Only  86  parts  are  necessary  in  order  to 
display  1,944  different  fixtures.  It  takes  but  a  jiflfy 
to  change  from  one  design  to  another,  so  that  the 
customer  sees  but  one  fixture  at  the  time. 

There's  no  confusion,  no  indecision ;  the  cus- 
tomer makes  his  choice  quickly  and  the  sale  is  soon 
finished.  Both  the  dealer  and  the  customer  are 
saved  time,  labor  and  worry. 

TTC  Tungstoliers  and  the  new  plan  for  selling 
them  are  fully  described  in  our  illustrated  book. 
''A  New  Way  to  Sell  Fixtures."  It  will  ])ay  ^ou 
to  send  for  it  to-day — it  is  free. 

The  Tungstolier  Company 

Main  Office  and  Works: 
New  York  CONNEAUT,  OHIO  Dallas 
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PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 
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